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ABSTRACT 

We have used asteroseismology to determine fundamental properties for 66 Kepler planet-candidate 
host stars, with typical uncertainties of 3% and 7% in radius and mass, respectively. The results 
include new asteroseismic solutions for four host stars with confirmed planets (Kepler-4, Kepler- 
14, Kepler-23 and Kepler-25) and increase the total number of Kepler host stars with asteroseismic 
solutions to 77. A comparison with stellar properties in the planet-candidate catalog by Batalha et 
al. shows that radii for subgiants and giants obtained from spectroscopic follow-up are systematically 
too low by up to a factor of 1.5, while the properties for unevolved stars are in good agreement. We 
furthermore apply asteroseismology to confirm that a large majority of cool main-sequence hosts are 
indeed dwarfs and not misclassified giants. Using the revised stellar properties, we recalculate the radii 
for 107 planet candidates in our sample, and comment on candidates for which the radii change from a 
previously giant-planet/brown-dwarf/stellar regime to a sub- Jupiter size, or vice versa. A comparison 
of stellar densities from asteroseismology with densities derived from transit models in Batalha et 
al. assuming circular orbits shows significant disagreement for more than half of the sample due to 
systematics in the modeled impact parameters, or due to planet candidates which may be in eccentric 
orbits. Finally, we investigate tentative correlations between host-star masses and planet-candidate 
radii, orbital periods, and multiplicity, but caution that these results may be influenced by the small 
sample size and detection biases. 

Subject headings: stars: oscillations — stars: late-type — planetary systems — techniques: photo- 
metric — techniques: spectroscopic 
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1. INTRODUCTION 

Nearly 700 confirmed planetary systems outside our so- 
lar system have been discovered in the past two decades. 
The vast majority of these planets have been detected 
using indirect techniques such as transit photometry or 
Doppler velocities, which yield properties of the planet 
only as a function of the properties of the host star. The 
accurate knowledge of the fundamental properties of host 
stars, particularly radii and masses, is therefore of great 
importance for the stu dy of extrasolar plane ts. 

Th e Kepler Mission (jBorucki et al.ll2010bl: IKoch et al.] 
I2010D has revolutionized exoplanet science in the last 
few ye ars, yielding thousan ds of new exoplanet c andi- 
dates (jBorucki et all [20llallbl : iBatalha et al.ll2013D . A 
serious problem in the interpretation of Kepler planet 
detections, occurrence rates, and ultimately the deter- 
mination of the frequency of habitable planets, is the ac- 
curacy of stellar parameters. Almost all Kepler planet- 
candidate hosts (also designated as Kepler Objects of 
Interest, or KOIs) are too faint to have measured par- 
allaxes, and hence stellar parameters mostly rely on the 
combination of broadband photometry, stellar model at- 
mospheres and evolutiona ry tracks, as done for the Ke- 
pler Input Catalog (KIC. [Brown et al1l2011t l. Biases in 
the KIC have been shown to rea.ch up to 50% in radius 
and 0.2 dex in log g (iVerner et al.ll2011bf) . introducing se- 
rious uncertainties in the derived planetary properties. A 
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more favorable case are hosts for which high-resolution 
spectroscopy is available, which yields strong constraints 
on the evolutionary state. Recent spectroscopic efforts 
on plan et-candidate hosts have concentrated on coo l M- 
dwarfs () Johnso n ct al. 20f 2; Muirhcad ct al."2012a''P) as 
well as F-K dwarfs (Buchhavc ct af. _2Q12). Nevertheless, 
spectroscopic analyses arc often affected by degene racies 
between Teff, logg and [Fc/H] (jTorres et al.ll2012[ ). and 
only yield strongly model-dependent constraints on stel- 
lar radius and mass. 

An excellent alternative to derive accurate stellar 
radii and masses of host stars is as teroseismology, the 
study of ste llar oscillati ons (see, e.g. , iBrown fc Gillilandl 
1994 IChr istcnsen-DalsgaardI 120041: lAerts et all 120101: 
Gilliland et al.. i2010b ). Prior to the Kepler mission. 



asteroseismology of exoplanet hosts was restricted to a 
few stars with detectio ns from ground-based Doppler 
"all [20051 IVaticlair et all [2001 



observations (Bouchvet 



I Wright et al] 120111) or "the Hubble s pace telescope 
(jGilliland et all 120111: iNutzman et"aLl |20TT[ ). This 



situation has dramatically changed with the launch 
of the Kepler space telescope, which provides pho- 
tometric data suitable for both transit searches and 
asteroseismology. First results for previously-known 
transiting p lanet hosts in the Kepler h e ld we re pre- 
sented by iChristensen-Dalsgaard et all (|2010[ ). and 
several Kepler planet discoveries have since ben- 
efitted from asteroseismic constraints of host-star 
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In this paper, we present 



the first systematic study of Kepler planet-candidate 
host stars using asteroseismology. 

2. DETERMINATION OF FUNDAMENTAL STELLAR 
PROPERTIES 

2.1. Background 

Solar-like oscillations are acoustic standin g waves ex- 
cited by near-surfac e convection (see, e .g., iHoiidek et al.l 
[19991: [Houd ck 2006: lSamadi et al.|[2007l ). The oscillation 
modes are characterized by a spherical degree / (the to- 
tal number of surface nodal lines), a radial order n (the 
number of nodes from the surface to the center of the 
star) and an azimuthal order m (the number of surface 
nodal lines that cross the equator) . The azimuthal order 
m is generally only important if the (21 + 1) degeneracy 
of frequencies of degree / is lifted by rotation. 

Solar-like oscillations involve modes of low spherical 
degree I and high radial order n, and hence the frequen- 
cies can be asymptotically desc ribed by a serie s of char- 
acteristic sep arations ( Va ndakurovl Il968t iTasso ul 1980; 
lGough|[l986f) . The large frequency separation Av is the 
spacing between modes with the same spherical degree 
I and consecutive radial order n, and probes the sound 
travel time across the stellar diameter. This means that 
Aiy is related to the mean stella r density and is expected 
to scale as follows (jUlrichlll986l ): 
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Another fundamental observable is the frequency at 
which the oscillations have maximum power (i^max)- As 



first argued by IBrown et al.l (|1991[ ). i^max for sun- like 
stars is expected to scale with the acoustic cut-off fre- 
quency and can therefore be rel ated to fun damental stel- 
lar properties, as follows (Kield sen fc Bedding 199 5): 
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Equation ([2|) shows that i^max is mainly dependent on 
surface gravity, and hence is a good indicator of the 
evolutionary state. Typical oscillation frequencies range 
from ~ 3000 /iHz for main sequence stars like our Sun 
down to 300 /iHz for low-luminosity red giants, and a 
few /LtHz for high-luminosity giants. We note that while 
individual oscillation frequencies provide more detailed 
constraints on properties such as stella r ages (see, e.g., 
Dogan ct al. 2010; Metcalfe ct al. 2010; di M auro et alj 
2011 : Math ur c t al. 2012; Metc alfe et al . 2012]), the ex- 
traction of frequencies is generally only possible for high 
S/N detections. To extend our study to a large ensemble 
of planet-candidate hosts, we therefore concentrate solely 
on determining the global oscillation properties Av and 
f^max in this paper. 

It is important to note that Equations ([Ij and ^ 
are approximate relations which require calibration. 
For comprehensive reviews of theoretical and empir- 
ical tests of b oth r elations we refer t he reader to 
IBelkacemI (|2012D and IMiglio et al.l (|2013a[) . but we pro- 
vide a brief summary here. It is well known that Equa- 
tion ^ is on less firm ground than Equation ^ due 
to uncertainties in modeling convection which drives 
the oscillations, although recent progress on the theo- 
retical understa nding, o f Equation jp ha s been made 
(jBelkacem et al.ll201lh . IStello et all ([2009D showed that 
both relations agree with models to a few percent, 
which was supported by investigating the relation be- 
tween Av and ^'max for a large ensemble of Kepler 
and CoRoT stars, and by comparing derived radii 
and masses to evolutionary tracks and synthetic stel- 
lar populations (He kkcr ct aL_2009; Migiio ct al. 200£ 
Kallingcr et al.l [2010al: iHuber et al. 2010 : IMosser et all 
2010 : Huber et all I2OIII: ISi: " 



ilva Aguirre et al 



Migiio et al.ll2012ai) . More recentlv. iWhite et alj ()2011l 



showed that that Av calculated from individual model 
frequencies can systematically differ from Av calculated 
using Equation ([T]) by up to 2% for giants and for 
dw arfs with M Mfa > 1.2. Similar results were found 
by IMosser et al.l (|2013l) , who investigated the influence 
of correcting the observed Av to the value expected in 
the high-frequency asymptotic limit. In general, how- 
ever, comparisons with individual frequency modeling 
have shown agreement within 2% a nd 5% in radiu s and 
mass, respectiv ely, both for dwarfs (IMathur et al."2012f) 
and for giants (|di Mauro et al.ll2011l : IJiang et al.. 2011,) . 

Empirical tests have been performed using indepen- 
dently determined fundamental properties from Hip- 
parcos parallaxes, eclipsing binaries, cluster stars, 
and optica l lo ng-baseline interferomet ry (see, e.g . , 
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I Stello et all I2OO8: Bedding 2011: Brogaard et al 
Migiio 20i2; Migiio ct S| l2012bl : iHuber et al.l 
,Silva Aguirre et al..,20ia) ^For unevolved stars (log 5 > 
3.8) no evidence for systematic deviations has yet been 
determined within the observational uncertainties, with 
upper limits of < 4% in radius (|Huber et al..,2012.') and 
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< 10% in mass (|Migliol r2012[ ). For giants and evolved 
subgiants (log 5 < 3.8) similar results have been re- 
ported, although a systematic deviation of ^ 3% in Ai' 
has recently been n oted for He-core burning red giants 
(|Miglio et al.ll2012bD . 

In summary, for stars considered in this study, Equa- 
tions (dJ and have been tested theoretically to ~ 2% 
and ^ 5%, as well as empirically to < 4% and < 10% in 
radius and mass, respectively. While it should be kept 
in mind that future revisions of these relations based on 
more precise empirical data are possible, it is clear that 
these uncertainties are significantly smaller than for clas- 
sical methods to determine radii and masses of field stars. 

2.2. Asteroseismic Analysis 

Our analysis is b ased on Kepler short-cadence 
(IGilliland et al.|[2010a[) and long-cadence (jJenkins et al.l 
120101 ) data through Qll. We have used simple- aperture 
photometry (SAP) data for our analysis. We have an- 
alyzed all available data for the 1797 pl anet-candidate 
hosts listed in the cumulative catalog by iBatalha et al.l 
(|2013f ). Before searching for oscillations, transits need to 
be removed or corrected since the sharp structure in the 
time domain would cause significant power leakage from 
low frequencies into the oscillation frequency domain. 
This was done using a median filter with a length chosen 
according to the measured duration of the transit. In 
an alternative approach, all transits were phase-clipped 
fr om the ti me scries using the periods and epochs listed 
in IBatalha et al. (2013) . Note that for typical transit du- 
rations and periods, the induced gaps in the time series 
have little influence on the resulting power spectrum. Fi- 
nally, all time series were high-p ass filtered by applying a 
quadratic Savitzky-Golay filter (|Savitzkv fc Golaylll964D 
to remove additional low-frequency power due to stellar 
activity and instrumental variability. For short-cadence 
data, the typical cut-off frequency was ~ 100 /iHz, while 
for long-cadence data a cut-off of ~ 1 /xHz was applied. 

To detect oscillations and extract the global oscilla- 
tion parameters Ai/ a nd i^max, we have us e d the analysis 
pipelines described b ylHuber et al. ( 2009) , Hckkcr ct alj 
12010,). Karoff et al.l (l2010t ). iVerner fc Roxburgh (201 1|) 
and " iLund et al.l mm T Note that these methods have 
been extensively tested on Kepler data and were shown 
to agree well with other methods (iHekker etall l2011bl : 
IVerner et ai]l2011al : IHekker et al.ll2012f ). We successfully 
detect oscillations in a total of 77 planet-candidate hosts 
(including 11 stars for which asteroseismic solutions have 
been published in separate studies). For 69 host stars 
short-cadence data were used, while 8 of them showed 
oscillations with t'max values low enough to allow a de- 
tection using long-cadence data. The final values for Av 
and t^max are listed in T a ble 1 and were adopted from the 
method of lHuber et al.l l|2009f ). with uncertainties calcu- 
lated by adding in quadrature the formal uncertainty 
and the scatter of the values over all other methods. 
Note that in some cases the S/N was too low to reli- 
ably estimate t'max, and hence only Av is listed. For one 
host (KOI- 1054) Aiy could not be reliably determined, 
and hence only v^nax is listed. The solar reference val- 
ues, which were calculated using the same method, are 
Ai^c^ = 135.1 ± 1 AtHz and i^max = 3090 ±30AiHz 
(|Huber et al.l[20Tlfl . 

We note that in the highest S/N cases, the observa- 
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Fig. 1. — Power spectra for three Kepler planet-candidate host 
stars with detected solar-like oscillations. The panels show three 
representative hosts in different evolutionary stages: a main- 
sequence star (top panel), a subgiant (middle panel) and a red giant 
(bottom panel). For the latter long-cadence data were used, while 
the former two have been calculated using short-cadence data. The 
large frequency separation Au is indicated in each panel. Note the 
increase in the y-axis scale from the top to bottom panel, illustrat- 
ing the increase in oscillation amplitudes for evolved stars. 



tional uncertainties on Ai' are comparable to or lower 
than the accuracy to which Equation ([1]) has been tested 
(see previous section). To account for systematic errors 
in Equation ([T]), we adopt a conservative approach by 
adding to our uncertainties in quadrature the difference 
between the ob served Au a n d the corrected Av using 
Equation (5) in lWhite et al.l ()201lD . To account for the 
fact that Av can be measured more precisely than J^max, 
the same fractional uncertainties were added in quadra- 
ture to the formal t'max uncertainties. The final median 
uncertainties in Av and i^max are 2% and 4%, respec- 
tively. 

Figure [1] shows examples of power spectra for three 
stars in the sample, illustrating a main-sequence star (top 
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panel), a subgiant (middle panel) and a red-giant (bot- 
tom panel). Note that the power spectra illustrate typ- 
ical intermediate S/N detections. Broadly speaking the 
detectability of oscillations depends on the brightness of 
the host star and the evolutionary state, because oscilla- 
tion amplitud es scale proportionally to stellar luminos- 
ity (se e, e.g., iKieldsen fc Bedding 119951 : iChaplin et al.l 
l2011bf) . Among host stars that are close to the main- 
sequence (log.g > 4.2), the faintest star with detected 
oscillations has a Kepler magnitude of 12.4 mag. 

2.3. Spectroscopic Analysis 

In addition to asteroseismic constraints, effective tem- 
peratures and metallicities are required to derive a full 
set of fundamental properties. For all stars in our 
sample high-resolution optical spectra we re obtained as 
part of the Kepler follow-up program (jGautier et al.l 
|2010( ). Spectroscopic observations were taken using 
four different ins truments: the HIRES spectrograph 
(jVogt et all I1994D on the 10-m telescope at Keck Ob- 
servatory (Mauna Kea, Haw aii), the FIES spectrograph 
(jPjupvik fc AndersenI 120101 ) on the 2.5-m Nordic Op- 
tical Telescope at the Roque de los Muchachos Ob- 
servatory (La Palma, Spain), the TRES spectrograph 
(|Fiireszll2008[ ) on the 1.5-m Tillinghast reflector at the 
F. L. Whipple Observatory (Mt. Hopkins, Arizona), 
and the Tull Coude spectrograph on the 2.7-m Harlan J. 
Smith Telescope at McDonald Observatory (Fort Davis, 
Texas). Typical resolutions of the spectra range from 
40,000-70,000. Atmospheric parameters were derived us- 
ing either the Stellar Parameter Classification (SPG, see 
iBuchhave et al.ll2012D or Spec troscopy Made Easy (SME, 
see iValenti fc Piskunovl [T996() pipelines. Both methods 
match the observed spectrum to synthetic model spectra 
in the optical wavelengths and yield estimates of Toff, 
log (7, metallicity and wsin(i). Note that in our analy- 
sis we have assumed that the metal abundance [m/H], 
as returned by SPC, is equivalent to the iron abundance 
[Fe/H]. For stars with multiple observations each spec- 
trum was analyzed individually, and the final parameters 
were calculated as an average of the individual results 
weighted by the cross-correlation function (CCF), which 
gives a measure of the quality of the fit compared to the 
spectral template. To ensure a homogenous set of pa- 
rameters, we adopt the spectroscopic values from SPC, 
which was used to analyze the entire sample of host stars. 
Table 1 lists for each planet-candidate host the details of 
the SPC analysis such as the number of spectra used, the 
average S/N of the observations, the average CCF, and 
the instrument used to obtain the spectr a. 

As discussed by iTorres et al.l (|2012[ ). spectroscopic 
methods such as SME and SPC suffer from degeneracies 
between Toff, log 5 and [Fe/H]. Given the weak depen- 
dency of t'max on Teff (scc Equation ([2])), asteroseismol- 
ogy can be used to remove such degeneracies by fixing 
log (7 in the sp ectroscopic an alysis t o the ast eroseismic 
value (see, e.gJBruntt et ah 2012: Morel fc M iglio 2012; 
|T^ gesen et al .1 120121 ). This is done by performing the 
asteroseismic analysis (see next section) using initial es- 
timates of Toff and [Fe/H] from spectroscopy, and iter- 
ating both analyses until convergence is reached (usu- 
ally after one iteration). We have applied this method 
to all host stars in our sample to derive asteroseismi- 
cally constrained values of Teg and [Fe/H], which are 
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Fig. 2. — (a) Comparison of logg from a spectroscopic analysis 
with and without asteroseismic constraints on log The difference 
is shown in the sense of constrained minus unconstrained analysis. 
Black diamonds show the sample analyzed with SPC, and red tri- 
angles stars analyzed with SME. (b) Same as panel (a) but for T^ff . 
(c) Same as panel (a) but for [Fe/If]. 



listed in Table 2. Note that since SPC has been less 
tested for giants, we have adopted more conservative er- 
ror bars of 80 K in T^s and 0.15 dex in [Fe /H] for ah 
evolved giants with logg < 3 (iThvgesen et al.1 12012). For 
all stars in our sample, we have added contributions of 
59 K in Tcff and 0.062 dex in [Fe/H] in quadrature to 
the formal uncertainties to account for systematic dif- 
ferences betw een sp ectroscopic methods, as suggested by 
ITorres et al.l (poTl . 

Our sample allows us to investigate the effects of fix- 
ing logg on the determin ation of Tpff and [Fe /H]. This is 
analogous to the work of ITorres et al.l ()2012D . who used 
stellar densities derived from transits to independently 
determine log g for a sample of main-sequence stars. Fig- 
ure [2] shows the differences in log q, Tpff a n d [Fe /H] as 
a function of Toff- As in the ITorres et al.l ()2012l ) sam- 
ple, the unconstrained analysis tends to slightly under- 
estimate \ogg (and hence T^s and [Fe/H]) for stars hot- 
ter than ~ 6000 K. More serious systematics are found 
for stars with Teu < 5400 K, which in our sample cor- 
responds to subgiant and giant stars, for which \ogg is 
systematically overestimated by up to 0.2 dex. The ef- 
fect of these systematics on planet-candidate radii will 
be discussed in detail in Section 3.1. 

Figure ID shows that changes in \ogg are correlated 
with changes in Toff and [Fe/H]. We have investigated 
the partial derivatives ATeff/Alogg and A[Fe/H]/Alog g 
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Fig. 3. — Surface gravity versus T^ff for BaSTI evolutionary 
tracks with a metallicity of [Fe/H] = +0.02 in steps of O.OIMq. 
Colored symbols show the ±lcr constraints from Ummx (green as- 
terisks) and Au (blue squares) for KO 1-244 (Kepler-25). The de- 
termined position is shown as a red diamond. The inset illustrates 
the distributions of Monte-Carlo simulations for stellar mass and 
radius, with dashed and dotted lines corresponding to the median 
and ±1(7 confidence limits, respectively. 



and did not find a significant dependence on stellar prop- 
erties such as effective temperature. The median deriva- 
tives for our sample are ATcg/Alogg = 475 ± 60K/dex 
and A[Fe/H]/Alogg = 0.3f ± 0.03, respectively. Hence, 
a change of log 5 = 0.1 dex typically corresponds to a 
change of ~ 50K in Tog and O.OSdex in [Fe/H]. 

The results in this study can also be used to test 
temperatures based on broadband photometry. A com- 
parison of 46 dwar f s whi ch overlap with the sample of 
iPinsonneault et aTl (|2012f ) showed that the photometric 
temperatures (corrected for the spectroscopic metallici- 
ties in Table 2) are on average 190 K hotter than our spec- 
troscopic estimates, with a scatter of 130 K. This offset 
is larger than previous comparisons based on a brighter 
comparison sample (see IPinsonneault et al.|[2C)12D . point- 
ing to a potential problem with interstellar reddening. 
The results of our study, combined with other samples for 
which both asteroseismology and spectroscopy are avail- 
able (IMolenda-Zakowicz et aI|[20TIt IBruntt et al| |2012t 
iThygesen et al.ll2012[ ). will be a valuable calibration sam- 
ple to improve effective temperatures in the Kepler field 
based on photometric techniques such as the infrared flux 
method (jCasagrande et al1l2010D . 

2.4. Grid-Modelling 

Given an estimate of the effective temperature. Equa- 
tions (HI) and ^ can be used to calculate the m ass and 
radius of a star (see, e.g.. iKallinger et ani2010bD . How- 
ever, since both equations allow radius and temperature 
to vary freely for any given mass, a more refined method 
is to include knowledge from evolutionary theory to 
match the spectroscopic parameters with asteroseismic 
contraints. This so-called grid-based method has been 
used extensively b oth for unevolved and evolved stars 
(IStello et al.1120091: i Kalhngcr et al. 2010a; Chapli n et al.l 
l2011aHCreevev et al...2012; .Basu et al...20ia ,2012. ). 

To apply the grid-based method, we have used dif- 
ferent model t racks: the Aar hus Stellar Evolution 
Code (ASTEC, lChristensen-"Dalsgaard .200&) . the Bag 



of STellar Isochrones (BaSTI, iPietrinferni et al.l 120041) . 
the Dartmouth S tellar Evolution Database (DSEP, 
iDotter et al.l I2008D. the Padova stellar evolution code 
(iMarigo et al.l 12(3081) . the Yonsei-Yale isochrones (YY, 
iDemarque et alJ l2004t ). and the Yale R otating Stellar 
Evoution Code (YREC. IPemarque et al.ll20081 To de- 
rive masses and radii we have em p loyed several dif- 
ferent methods (Ida Silva et al.ll2006t IStello et all I2Q09I: 
Basu et al.ir2011tlMiglio et al.ll2013bnSilva Ag uirre et at] 



2013[) . In brief, the methods calculate a likelihood func 



tion for a set of independent Gaussian observables X: 
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2tt(Tx 
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with X = {Teff, [Fe/H],i/max, Al/}. The combined likeli- 
hood is: 



(4) 



Note that for cases where only Av could be measured, 
the t'max term in Equation ^ was omitted. The best- 
fitting model is then identified from the likelihood distri- 
bution for a given physical parameter, e.g. stellar mass 
and radius. Uncertainties are calculated, for example, 
by performing Monte-Carlo simulations using randomly 
drawn values for the observed values of Tcff, [Fe/H], t'max 
and Aiy. For an extensive comparison of these methods, 
including a d iscussion of pote ntial systematics, we refer 
the reader to lGai et all (j2011[) . 

As an example. Figure [3] shows a diagram of log 5 
versus Tcs for KOI-244 (Kepler-25), with evolutionary 
tracks taken from the BaSTI grid. The blue and green 
areas show models within l-cr of the observationally mea- 
sured values of Ai^ and i^max, respectively. The insets 
show histograms of Monte-Carlo simulations for mass 
and radius. The best-fitting values were calculated as 
the median and 84.1 and 15.9 percentile (corresponding 
to the 1 a confidence limits) of the distributions. 

To account for systematics due to different model grids, 
the final parameters for each star were calculated as the 
median over all methods, with uncertainties estimated 
by adding in quadrature the median formal uncertainty 
and the scatter over all methods. Table 2 lists the final 
parameters for all host stars in our sample. The me- 
dian uncertainties in radius and mass are 3% and 7%, 
respectively, consistent with the limits discussed in Sec- 
tion 2.1. Note that for 11 hosts we have adopted the so- 
lutions published in separate papers. We also note that 
for some stars the mass and radius distributions are not 
symmetric due to the "hook" in evolutionary tracks just 
before Hydrogen exhaustion in the core (see Figure [3]) . 
In general, however, variations in the results of different 
model grids are larger than these asymmetries and hence 
it is valid to assume symmetric (Gaussian) error bars, as 
reported in Table 2. Table 2 also reports the stellar den- 
sity directly derived from Equation ([ij . Importantly, the 
stellar properties presented here are independent of the 
properties of the planets themselves, and hence can be 
directly used to re-derive planetary parameters. Table 3 
lists revised radii and semi-major axes for the 107 planet 
candidates in our sample, calcula ted using the transit 
parameters in lBatalha et al.l ()2013D . 

To check the consistency of the stellar properties, we 
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Fig. 4. — Surface gravity versus effective temperature for planet-candidate hosts in the IBatalha et all l|2013l ) catalog (grey diamonds), 
together with solar metallicity Yonsei-Yale evolutionary tracks from 0.8-2.6 Mq in steps of 0.2 Mq (grey lines). The dashed-dotted line 
marks the approximate location of the cool edge of the instability strip, and the dashed line marks the long-cadence Nyquist limit. Thick 
red symbols show the revised positions of 77 host stars with asteroseismic detections using long-cadence (triangles) and short-cadence 
(diamonds) data, respectively. Thin red lines connect the revised positions to the values injjjatalha ct al. (2013). Typical error bars for 
stars with spectroscopic follow-up only (grey) and with asteroseismic constraints (red) are shown in the top left side of the plot. A few 
host stars that are discussed in more detail in the text are annotated. 



compared the final radius and mass estimates in Table 2 
with those calculated by solving Equations ([1]) and ^ 
(the direct method) for stars which have both reliable 
t'max and Av measurements. We found excellent agree- 
ment between both determinations, with no systematic 
deviations and a scatter consistent with the uncertainties 
from the direct method. 

3. COMPARISON WITH PREVIOUS STELLAR 
PARAMETERS 

3.1. Revised stellar parameters in \Batalha et al] \20lA ) 

The planet-candidate catalog bv IBatalha et al.l (|2013[ ) 
included a revision of stellar properties based on match- 
ing available constraints to Yonsei-Yale evolutionary 
tracks. This revision (hereafter referred to as YY values) 
was justified since KIC surface gravities for some stars, 
in particular for cool M-dwarfs and for G-type dwarfs, 
seemed unphysical compared to predictions from stellar 
evolutionary theory. When available, the starting values 
for this revision were spectroscopic solutions, while for 
the remaining stars KIC parameters were used as ini- 
tial guesses. Our derived stellar parameters allow us to 
test this revision based on our subset of planet-candidate 
hosts. 

Figure |4] shows surface gravity versus effective temper- 
ature for all planet-candidate hosts in the .Batalha et al.i 



(120131 ) catalog. The nearly horizontal dashed line shows 
the long-cadence Nyquist limit, below which short- 
cadence data are needed to sufhciently sample the os- 
cillations. Thick red symbols in the plot show all host 
stars for which we have detected oscillations using short- 
cadence data (diamonds) and long-cadence data (trian- 
gles). Note that the Toff and log g values plotted for these 
stars were derived from the combination of asteroseismol- 
ogy and spectroscopy, as discussed in Section 2 (see also 
Table 2). For each detection, a thin line connects the 
position of t he star determined in this work to the values 
published in IBatalha et al.l (|2013f ) . 

Figure [4] shows that our sample consists primarily of 
slightly evolved F to G-type stars. This is due to the 
larger oscillation amplitudes in these stars compared to 
their unevolved counterparts. We observe no obvious sys- 
tematic shift in log (7 for unevolved stars, while surface 
gravities for evolved giants and subgiants were gener- 
ally overestimated compared to the asteroseismic values. 
To illustrate this further. Figure [5] shows the difference 
between fundamental properties (logy, radius, mass and 
temperatur e) from the asteroseism ic analysis and the val- 
ues given bv lBatalha et al.l ()2013D as a function of surface 
gravity. Red triangles mark stars for which KIC parame- 
ters were used as initial values, while black diamonds are 
stars for which spectroscopic solutions were used. In the 
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Fig. 5. — (a) Difference b etween logq determi ned from astero- 
seismology and log g given in IBatalha et all (20T3) as a function of 
seismic logg for all host stars in our sample. Rod triangles mark 
stars for which the revised parameters in Batalha et a l. (2013) are 
based on KIC parameters, while black diamonds are stars for which 
spectroscopic solutions were used. The vertical dotted lines divides 
evolved stars (logg < 3.85) from unevolved stars (logg > 3.85). (b) 
Same as panel (a) but for stellar radii, (c) Same as panel (a) but 
for stellar masses, (d) Same as panel (a) but for stellar effective 
temperatures. Note that KOI-1054 has been omitted from this 
figure since no full set of stellar properties was derived (see text). 



following we distinguish between unevolved and evolved 
stars using a cut at log 5 — 3.85 (see dotted line in Fig- 
ure [SJ , which roughly divides our sample between stars 
before and after they reached the red-giant branch. 

Table |4] summarizes the mean differences between 
values derived in th is work and the values given by 
IBatalha et al.l ()2013[ ). If we only use unevolved stars 
{\ogg > 3.85), the differences for stars with spectro- 
scopic follow-up (black diamonds in Figure [5|) are small, 
with an average difference of — 0.04 ± 0.02 dex (scatter 
of 0.12 dex) in \ogg and 6 ± 2% (scatter of 15%) in ra- 
dius. For stars based on KIC parameters (red triangles 
in Figure [5]), the mean differences are considerably larger 
with — 0.17± O.lOdex (scatter of 0.29 dex) in \ogg and 
41± 17% (scatter of 52%) in radius. This confirms previ- 
ous stud ies predicting overes t imated KIC radii for K epler 
targets (|Verner et al.il2011bt ICaTdos fc MannllMl and 
shows that, as expected, spectroscopy yields a strong im- 
provement (both in reduced scatter and offset) compared 
to the KIC. This emphasizes the need for a systematic 
spectroscopic follow-up of all planet-candidate hosts. 



The unevolved planet-candidate host with the largest 
change in stellar parameters from this study is KOI-268 
(see annotation in Figure 14]) , which has previously been 
classified as a late K-dwarf with Tcs ^ 4800 K, hosting a 
1.6 planet in a 110 d orbit. Our asteroseismic analysis 
yields log;; — 4.26 ± 0.01, which is clearly incompatible 
with a late-type dwarf. Follow-up spectroscopy revised 
Toff for this star to 6300 K, correctly identifying it as a F- 
type dwarf. The revised radius for the planet candidate 
based on the stellar parameters presented here is 3.00 ± 
0.06 i?® (compared to the previous estimate of 1.6 i?®). 

We note that four unevolved hosts in our sample are 
confirmed planetary systems that until no w had no avail- 
able a steroseismic c onstraints: Kepler-4 ([Borucki et al.l 



l2010aD. Kepler-1 4 ()Buchhave etall 1201 ID. K epler-23 
(IFord et al.lf20Tl and KeDler-25 (ISteffen et"all [2012b'). 



The agreement with the host-star properties published in 
the discovery papers (based on spectroscopic constraints 
with evolutionary tracks) is good, and the stellar param- 
eters presented here will be valuable for future studies of 
these systems. We have also compared the our results for 
Keplcr-4 and Kcpler-14 with stellar properties published 
by Southworth (2011) and Southworth (2012), and found 
good agreement within 1 — a for mass and radius. 

Turning to evolved hosts (log f/ < 3.85), the differences 
between the asteroseismic and YY values for stars with 
spectroscopic follow-up (black diamonds in Figure [5]) are 
on average —0.27 ± 0.03 dex (scatter of 0.11 dex) in \ogg 
and 44 ± 5% (scatter of 17%) in radius. For stars based 
on KIC parameters (red triangles in Figure [5]), the mean 
differences are — 0.1 ± 0.2 dex (scatter of 0.5 dex) in log 5 
and 24 ± 37% (scatter of 83%) in radius. Unlike for un- 
evolved stars, the parameters based on spectroscopy are 
systematically overestimated in logg, and hence yield 
planet-candidate radii that are systematically underes- 
timated by up to a factor of 1.5. This bias is not present 
in the YY properties based on initial values in the KIC 
(although the scatter is high), and illustrates the im- 
portance of coupling asteroseismic constraints with spec- 
troscopy, particularly for evolved stars. 

Figure [5] shows planet-candidate radii versus orbital 
periods for the full planet-candidate catalog, highlighting 
all candidates in our sample with revised radii < 5Oi?0 
in red. As in Figure SI thin lines con nect our red- 
erived radii to the values published by IBatalha et al.l 
(|2013f) . For a few evolved host stars, the revised host 
radii change the status of the candidates from plane- 
tary companions to objects that are more compatible 
with brown dwarfs or low-mass stars. The first planet- 
candidate host that was identified as a false-positive us- 
ing asteroseismology was KOI-145.01, as discussed by 
ICiUiland et al. (2010b). KOI-2640.01 is another exam- 
ple for a potential asteroseismically determined false- 
positive, with an increase of the companion radius from 
9i?© to 17.O±O.8i?0. Additionally, the companions 
of KOI-1230 and KOI-2481 are now firmly placed in 
the stellar mass regime with revised radii of 64 ± 2 i?® 
(0.58 ± 0.02 i?o) and 31±2Rq (0.29 ± 0.02 i?o), respec- 
tively. On the other hand, for KOI-1894 the companion 
radius becomes sufficiently small to qualify the compan- 
ion as a sub- Jupiter size planet candidate, with a de- 
creased radius from 16. 3i?© to 7.2 ± 0.47?©. KOI-1054 
is a peculiar star in the sample with a very low metal- 
licity ([Fe/H] = —0.9 dex). Despite the lack of a reliable 
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TABLE 4 

Mean differences between host-star properties in this study and as given in IBatalha et alI (j2013l '). 



Parameter 


logp > 3.85 
Spectroscopy KIC 


logg < 3.85 
Spectroscopy KIC 


^(logs) (dex) 
AiR) (%) 
A(M) (%) 
A(roff) (K) 


-0.04 ± 0.02 (0.12) -0.17 ± 0.10 (0.29) 
6±2(15) 41 ±17 (52) 
2±1 (4) 21 ±7 (21) 
31 ± 12 (84) 111 ±47 (141) 


-0.27 ± 0.03 (0.11) -0.1 ± 0.2 (0.5) 
44 ± 5 (17) 24 ± 37 (83) 
9±3(11) 1±16(36) 
-88 ± 12 (42) -25 ± 70 (155) 



Differences are given in the sense of values derived in this work minus tire values given in IBatalha et al] (pOlD . Er ror bars are 
the standard error of the mean, and numbers in brackets are the standard deviation of the residuals. 
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Fig. 6. — Pl anet radius versus orb ital period for all candidates in 
the catalog by IBatalha et ahl I I2013I) . Thick red diamonds show the 
rederived radii for all planetary candidates included in our sam- 
ple with revised radii < SORgj, with thin red lines connecting the 
updated radii to those publ ished in the Kepler planet-candidate 
catalog l|Batalha et al.ir2013l h Dotted lines mark the radii of Mer- 
cury, Earth, Neptune and Jupiter. 

Aif measurement our study confirms that this star is a 
evolved giant with log 5 — 2.47±0.01 dex, indicating that 
the potential companion with an orbital period of only 
3.3 days is likely a false-positive. 

3.2. Identification of misclassified Giants 

A recent study by iMann et al.l ()2012[ ) showed that 
~ 96% of ah bright (Kp < 14) and cool (Toff < 4500 K) 
stars in the Kepler Input Catalog are giants. This raises 
considerable worry about a giant contamination among 
the cool planet-candidate host sample, and has impli- 
cations for studies of planet detection completeness and 
the occurrence rates of planets with a given size. Astero- 
seismology provides an efficient tool to identify giants 
using Kepler photometry alone, without the need for 
follow-up observations. Since oscillation amplitudes scale 
with stellar luminosity (see, e.g., the y-axis scale in Fig- 
ure [T]), giants show large amplitudes that are detectable 
in all typical Kepler targets. In addition, oscillation 
timescales scale with stellar luminosity, with frequencies 
for red giants f alling well below the l ong-cadence Nyquist 
limit (see, c. g., Bed ding et aII[20Tol : iHekker et aLll2011al : 
iMosser et a l. 2012). Hence, any cool giant should show 
detectable oscillations using long-cadence data, which is 
readily available for all Kepler targets. 

A few caveats to this method exist. First, there is a 
cut-off in temperature below which the variability is too 
slow to reliably measure oscillations. For data up to Qll 




1.0 10,0 

Frequency (/j.Hz) 



100.0 



Fig. 7. — Comparison of long-cadence power spectra of a gi- 
ant (top panel) and a dwarf (bot tom panel) w ith similar effec- 
tive temperatures in the sample by IMann et al.l |j2pl2). Note that 
KIC9635876 has been classified as a dwarf in the KIC. 



this limit is about 3700 K, corresponding to a I'max ^ 
l/iHz at solar metallicity. Second, there is evidence that 
tidal interactions from close stellar companions can sup- 
press oscillations in giants, as first obse rved in the hi- 
erarchical triple system HP 180891 (Der ekas et al.ll2011l : 
IBorkovits etall 120131: iFuUer et al.i l2013l) . Hence, giant 
stars that are also in multiple systems with close com- 
panions could escape a detection with our method. 

To test the success rate of asteroseismic giant identi- 
ficatio ns, we analyzed 132 stars for which iMann et ahl 
(|2012l) presented a spectroscopic luminosity class and 
for which several quarters of Kepler data are available. 
As an example. Figure [7] compares the power spectra of 
the dwarf KIC6363233 and the giant KIC9635876. The 
power spectrum of the dwarf shows a strong peak at 
^ 0.8 /iHz accompanied by several harmonics, a typical 
signature of non-sinusoidal variability due to rotational 
spot modulation. The giant, on the other hand, shows 
clear power excess with regularly spaced peaks that are 
typical for solar-like oscillations, indicating the evolved 
nature of the object. Out of the 132 stars in the sample, 
96 were identified as giants based on detection of oscilla- 
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tio ns, compared to 104 stars that were identified as giants 
by iMann et alj ()2012D . All eight stars that were missed 
by the asteroseismic classification are cool (< 3700 K) 
giants, for which the oscillation timescales are likely too 
long to be resolved with the available amount of Kepler 
data. Hence, this result implies a very high success rate 
when Tcff restrictions are taken into account, and sug- 
gests that giants with suppressed oscillations by close-in 
stellar companions are rare. 

As shown in Figure |4l our analysis did not yield a de- 
tection of oscillations compatible with giant stars in any 
of the cool main-sequence hosts. This confirms that the 
majority of these stars are indeed dwarfs. Additionally, 
we did not detect oscillations in stars near the 14Gyr 
isochrone of the YY models (which can be seen as a "fin- 
ger" between T^s = 4700 - 5000 K and logg = 3.8 - 4.0 
in Figure \^ . The non-detection of oscillations confirms 
that these stars must have logg > 3.5, and hence are 
either subgiants or cool dwarfs. 

3.3. Stellar Density from Transit Measurements 

The observation of transits allows a measurement of 
the semi-major axis as a function of the stellar ra- 
dius (a/i?*), provided the eccentricity of the orbit is 
known. For the special case of circular orbits, a/i?, is 
directly related to the mean density of the s tar (see, e.g., 
ISeager fc Mallfa-OrnelasllMil IwalMnh : 



37r 



(5) 



where G is the gravitational constant and P is the orbital 
period. Equation ([5]) can be used to infer host-star prop- 
erties in systems with transiting exoplanets, for example 
to reduce degeneracies between spectroscopic par ameters 
(see, e.g.. lSozzetti et al.ll2007l: [Torres et al.ll2012D . 

Figure [5^ compares the stellar densities derived from 
Equation (El a ssumi ng d/R^ = a/R^ in the table of 
iBatalha et all ()2013D with our independent estimates 
from a steroseismology. We emphasize that Batalh a"et al.l 
(|2013[ ) explicitly report the quantity d/i?* to point out 
that it is only a valid measurement of stellar den- 
sity in the case of zero eccentricity, for which d/R^, — 
a/R*. We also note that the uncertainties reported by 
IBatalha et al.l ()2013() do not account for correlations be- 
tween transit parameters, and hence the density uncer- 
tainties are likely underestimated. For this first compar- 
ison, we have excluded all hosts with a transit density 
uncertainty > 50%. 

The comparison shows differences greater than 50% 
for more than half of the sample, with mostly underesti- 
mated stellar densities from the transit model compared 
to the seismic densities. To investigate the cause of this 
discrepancy, Figure |H]3 shows the fractional difference of 
stellar densities as a function of the impact parameter 
(the sky-projected distance of the planet to center of the 
stellar disc, expressed in units of the stellar radius) for 
each planet candidate. We observe a clear correlation, 
with large disagreements corresponding preferentially to 
high impact parameters. We have tested whether this 
bias is due to insufficiently sampled ingress and egress 
times by repeating the transit fits for a fraction of the 
host stars using short-cadence data, and found that the 
agreement significantly improves if short-cadence data is 
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Fig. 8. — (a) Mean stellar density as measured from the transit 
assuming circular orbits (d/Rt = a/Rt) versus the density mea- 
sured from asteroseismology. (b ) Fractional difference between the 
density measured from the transit and asteroseismology as a func- 
tion of the modeled impact parameter. Note that since all planets 
are assumed to orbit the same star, panel (a) shows one datapoint 
for each host star, while panel (b) shows one datapoint for each 
planet candidate. 



used. Further investigation showed that the larger dis- 
agreements are found for the shallower transits, while 
better agreement is found for transits with the highest 
S/N. Hence, it appears that impact parameters tend to 
be overestimated for small planets, which is compensated 
by underestimating the density of the star to match the 
observed transit duration. The reason for this bias may 
to be due to anomalously long ingress times for small 
planets caused by smearing due to uncorrected transit 
timing variations or other effects. 

Additional reasons for the discrepancies between the 
transit and seismic densities include planet candidates 
on eccentric orbits, and false-positive planet candidates. 
For eccentric orbits the stellar density derived from the 
transit can be either over- or underestimated (depending 
on the orientation of the orbit to the observer). How- 
ever, in this case no correlation with the impact param- 
eter would be expected, and the distribution of impact 
parameters should be uniform. Additionally, if eccentric 
orbits were responsible for the majority of the outliers, 
we would expect to detect a correlation of the fractional 
difference in density with orbital period, with planet can- 
didates on short orbital periods showing preferentially 
good agreement due to tidal circularization. However, 
no such correlation is apparent in our data. For false- 
positive scenarios (e.g. a transit around a fainter back- 
ground star) the large dilution would lead to underesti- 
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mated densities, and a correlation with the impact pa- 
rameter would be e xpected. However, recent results by 
iFressin et alj (|2013[ ) showed that the global false-positive 
rate is < 10%. Hence, eccentric orbits and false-positives 
are likely not responsible for the majority of the outliers. 

The fi rst comparison shown here underlines the state- 
ment in iBatalha et al.l ()2013() that stellar properties de- 
rived from the transit fits in the planet-candidate cat- 
alog should be viewed with caution, with further work 
being needed to quantify these differences. We empha- 
size that the comparison shown here does not imply 
that transits cannot be used to accurately infer stel- 
lar densities. To demonstrate this. Figure [S^ also in- 
cludes HD 17156, a system with an exoplanet in a highly 
eccentric orbit (e = 0.68) for which high S/N con- 
straints from trans its, radial velocities and asteroseismol- 
ogy a re available (jGilliland et al.l 120 lit iNutzman et al.l 
mnh . The seismic and transit density are in ex- 
cellent agreement, demonstrating that both techniques 
yield consistent results when the eccentricity and im- 
pact parameter can be accurately determined. Simi- 
lar tests can be expected in future studies, making use 
of Kepler exoplanet hosts for which ast eroseismic and 
radia l velocity constraints are available (IBatalha et al.l 
l20Tlt IGilliland et all l20ll IMarcv et al.ll2013D . AddT 
tionally, the precise stellar properties presented here will 
enable improved determinati ons of ecce ntricities using 
high S/N transit light curves (jPawson fc Johnson 2012|), 
and yield improved constraints for the study of eccen- 
tricity distributions in the Kepler planet sample com- 
pared to planets det e cted with radial velocit i es (see, e.g., 
Wang fc Ford! [20TTI: iMoorhead et al] [2QTiI: iKane et alJ 
2012t iPlavchan et al.ll20l1 



Johnson et "alll2007l: iLovis fc Mavo"ill2007l: [Johnson et al.l 



4. EXOPLANET - HOST STAR CORRELATIONS 

Accurate stellar properties of exoplanet hosts, as pre- 
sented in this study, are valuable for testing theories of 
planet formation, many of which are related to host-star 
properties. While both the limited sample size and the 
difficult characterization of detection biases push a com- 
prehensive investigation of exoplanet - host star correla- 
tions beyond the scope of this paper, we present a first 
qualitative comparison here. Note that in the following 
we have omitted planet candidates that have been iden- 
tified as false positives (see Section 3.1) or for which un- 
published radial-velocity follow-up has indicated a low- 
mass stellar companion (see Table 3). 

4.1. Background 

The favored theoretical scenario for the formation of 
terrestrial planets and the cores of gas giants is the 
core- accretion model, a slow process involving th e colli- 
sion of planetesimals (jSafronov fc Zviaginal 11969). with 
giant planets growin g massive e nough to g ravitation- 
ally trap light gases (iMizunol [l98 0: Pollack et al.l 119961: 
iLissauer et all 120091: iMovshovitz'et al.,,2010. ). The effi- 
ciency of this process is predicted to be correlated with 
the disk properties and therefor e the ch aracteristics of 
the host star, such as stellar mass (jThomme s ct al. 2008). 

Observationally, Doppler velocity surveys have yielded 
two important correlations: gas giant planets oc- 
cur more frequently around s tars o f high metallicity 
(iGonzalezl 119971: iSantos et al] 12004 iFischer fc Valentjl 
|2005() and around more massive stars ( Laws et al.ll2003l : 



2010D. Early results using Kepler planet candidates 
showed that single planets appear to be more common 
around hotter stars, while multiple planet ary system are 
prefe rentially found around coole r stars (Latham ct ajj 
120111 ). Both resuhs are in-line with lHoward c t al. (2012), 
who found that small plan ets are more c ommon around 
cool stars. More recently, iSteffen et al.l ()2012aD showed 
evidence that hot Jupiters i ndeed tend to be fo und in 
single planet systems, while IFressin et al.l (|2013[ ) found 
that the occurrence of small planets appears to be in- 
dependent of the host-star spectral type. While most 
of these findings have been interpreted in favor of the 
core- accretion scenario, many results have so far relied 
on uncertain or indirect estimates of stellar mass (such 
as Toff). The sample of host stars presented in this study 
allow us to test these results using accurate radii and 
masses from asteroseismology. 

4.2. Planet Radius versus Stellar Mass 

Following iHoward et al.l ()2012D . we attempted to ac- 
count for detection biases by estimating the smallest de- 
tectable planet for a given planet-candidate host in our 
sample as: 



i?.(SNRacDPP 
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(6) 



Here, Ri, is the host-star radius, SNR is the required 
signal-to-noise ratio, (Tcdpp is the 6 hr c ombined differ- 
ential photometric precision (Christianse n et 311 12012') . 
ritr is the number of transits observed and tdur is the 
duration of the transits which, for the simplified case of 
circular orbits and a central transit (impact parameter 
6 = 0), is given by: 
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(7) 



Here, P is the orbital period and a is the semi-major axis 
of the orbit. For each candidate, we estimate i?inin by 
calculating idur, adopting the median 6hr ctcdpp from 
quarters 1-6 fo r each star and se tting a signal-to-noise 
threshold of 25 (jCiardi et al.ll20T3l ). To de-bias our sam- 
ple, we calculated for a range of planet sizes Rx the num- 
ber of planet candidates that are larger than R^ and for 
which i?niin < Rx ■ The maximum number of planet can- 
didates fulfilling these criteria was found for a value of 
Rx = 2.4i?0. In the following, our debiased sample con- 
sists only of planet candidates with R > 2.4i?0 and with 
i?inin < 2.4i?0. Figure|9^ shows planet radii versus host- 
star mass for all planet candidates in our sample (grey 
symbols), with the de-biased sample shown as filled sym- 
bols. Planet candidates in multi systems are shown as 
diamonds, while single systems are shown as triangles. 
For all candidates in the debiased sample, symbols are 
additionally color-coded according to the incident flux as 
a multiple of the flux incident on Earth. 

While the size of our de-biased sample precludes def- 
inite conclusions, we see that our observations are con- 
sistent with previous studies that found gas-giant plan- 
ets to be less common around low-mass stars (< IMq) 
than around more massive stars. A notable exception is 
KOLl (TReS-2), a 0.9 Mg K-dwarf hosting a hot Jupiter 
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Fig. 9. — (a) Planet radius versus host-star mass for all planet- 
candidate hosts in our sample. Planet candidates with radii 
> 2.4 /?0 and i?niin < 2.4ijg) are shown as filled symbols, while 
other candidates are shown as open grey symbols. Triangles and 
diamonds denote candidates in single and multiple systems, respec- 
tively. Colors denote the incident stellar flux, as indicated in the 
legend. Horizontal dotted lines show the sizes of Earth, Neptune 
and Jupiter, (b) Same as panel (a) but only showing candidates 
with radii between 1.5 and 5i?g). The dashed error bar shows 
typical 1 — (T uncertainties without asteroseismic constraints. The 
dashed-dotted line shows a typical 1 — cr error ellipse, illustrating 
the correlation of uncertainties between stellar mass and planet 
radius in the asteroseismic sample. 

in a 2.5-day orbit lO 'Donovan et al."2006'; 'Holma n et alj 
120071 iKipping fc Bakos,2011.: .Barclay et al. 2012,) . How- 
ever, this observation is only marginally significant: con- 
sidering the full sample of stars hosting planet candi- 
dates with R > 4i?0, the probability of observing one 
host with M < IMq by chance is ~ 1%, correspond- 
ing to a ^ 2.5(7 significance that the mass distribution 
is different. Using our unbiased sample, no statistically 
significant difference is found. 

For sub-Neptune sized objects, planet candidates are 
detected around stars with masses ranging over the full 
span of our sample (~ 0.8 — 1.6 M©). This is illus- 
trated in Figure EId, showing a close-up of the region of 
sub-Neptune planets on a linear scale. To demonstrate 
the improvement of the uncertainties in our sample, the 
dashed lines in Figure H}d shows an error bar for a typical 
best-case scenario when host-star properties are based 
on spectrosco py alone (10% in stellar mass and 15% in 
stellar radius. lBasu et aLll2012l ). neglecting uncertainties 
arising from the measurement of the transit depth. We 
note that, strictly speaking, the uncertainties in stellar 
mass and planet radius are not independent since as- 
teroseismology constrains mostly the mean stellar den- 
sity. The dashed-dotted line in Figure [9]d illustrates this 
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Fig. 10. — Orbital period versus stellar mass for all planet can- 
didates in our sample. Black triangles are candidates in single sys- 
tems and red diamonds are candidates in multiple systems. The 
orbital periods of Mercury, Venus and Earth are shown as horizon- 
tal dotted lines. 

by showing an error ellipse calculated from Monte-Carlo 
simulations for a typical host-planet pair in our sample. 

The data in Figure |9Jd show a tentative lack of plan- 
ets with sizes close to Si?®, which does not seem to be 
related to detection bias in the sample. While this gap 
is intriguing, it is not compatible with previous observa- 
tions of planets with rad ii between 3 — 3.5i?m , such as 
in the Kepler- 11 system (jLissauer et al.l[2011f ). Further 
observations will be needed to determine whether the ap- 
parent gap in Figure ^jp is real or simply a consequence 
of the small size of the available sample. 

4.3. Planet Period and Multiplicity versus Stellar Mass 

The second main observable that can be tested for cor- 
relations with the host-star mass is the orbital period of 
the planet candidates. Here, we do not expect a detec- 
tion bias to be correlated with the host-star properties, 
and hence we consider the full sample. Figure [10] com- 
pares the orbital period of the planet candidates as a 
function of host-star mass. There does not appear to be 
an overall trend, although there is a tendency for more 
single-planet candidates (black triangles) in close orbits 
(< todays) around higher mass (> l.SM©) stars. This 
observation would qualitatively be consistent with previ- 
ous findings that hot-Jupiters are rare in multiple planet 
systems and are more frequently found around higher 
mass stars. However, we note that roughly half of the 
planet candidates with periods less than 10 days around 
stars with M > 1.3Mq have radii smaller than Neptune, 
and two have radii smaller than 2 i?® (see also Figure ■ 
Additionally, a K-S test yields only a marginal statisti- 
cal difference (^ 2.4(7) between host-star masses of single 
and multiple planet systems for periods < 10 days. 

5. CONCLUSIONS 

We have presented an asteroseismic study of 
Kepler planet -candidate host stars in the catalog by 
iBatalha et al.l ^2013). Our analysis yields new astero- 
seismic radii and masses for 66 host stars with typical 
uncertainties of 3% and 7%, respectively, raising the to- 
tal number of Kepler host stars with asteroseismic so- 
lutions to 77. Our main findings can be summarized as 
follows: 
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1. Surface gravities for s u bgian t and giant host 
stars in iBatalha et alj ()2013D based on high- 
resolution spectroscopy are systematically overes- 
timated, yielding underestimated stellar radii (and 
hence planet-candidate radii) by up to a factor of 
1.5. While properties for unevolved stars based 
on spectroscopy are in good agreement and show 
greatly improved results compared to the KIC, 
the identified systematics illustrate the importance 
of combining spectroscopy with asteroseismic con- 
straints to derive accurate and precise host-star 
properties. 

2. We have demonstrated that asteroseismology is an 
efficient method to identify giants using Kepler 
data. Our analysis yielded no detection of oscilla- 
tions in host stars classified as M dwarfs, confirm- 
ing that the fraction of misclassified giants in the 
cool planet-candidate host-star sample is small. An 
extension of this analysis to the complete Kepler 
target sample is planned, and will support com- 
pleteness studies of Kepler planet detections and 
hence the determination of the frequency of Earth- 
sized planets in the habitable zone. 

3. A comparison of mean stellar densities from 
asteroseismology an d from transit models in 
IBatalha et all ((20131) . assuming zero eccentricity, 
showed significant differences for at least 50% of 
the sample. Preliminary investigations imply that 
these differences are mostly due to systematics in 
the modeled transit parameters, while some differ- 
ences may due to planet candidates in eccentric or- 
bits. The independent asteroseismic densities pre- 
sented here will be valuable for more detailed stud- 
ies of the intrinsic eccentricity distribution of plan- 
ets in this sample and for testing densities inferred 
from transits for planet-candidate host stars with 
available radial-velocity data. 

4. We presented re-derived radii and semi-major axes 
for the 107 planet candidates in our sample based 
on the revised host-star properties. We identi- 
fied KOI-1230.01 and KOI-2481.01 as astrophys- 
ical false-positives, with revised companion radii 
of 64±2i?e (0.58 ± 0.02 i?o), 31±2i?e (0.29 ± 
0.02 i?o), respectively, while KOI-2640.01 is a po- 
tential false-positive with a radius of 17.0 ± 0.8 i?©. 
On the other hand, the radius of KOI-1894.01 de- 
creases from the brown-dwarf/stellar regime to a 
sub- Jupiter size (7.2 ± OARq). Our sample also 
includes accurate asteroseismic radii and masses 
for four hosts with confirmed planets: Kepler-4, 
Kepler-14, Kepler-23 and Kepler-25. 

5. We investigated correlations between host-star 



masses and planet-candidate properties, and find 
that our observations are consistent with previous 
studies showing that gas giants are less common 
around lower-mass (< IMq) stars. Sub- Neptune 
sized planets, on the other hand, appear to be 
found over the full range of host masses considered 
in this study (~ 0.8 — 1.6 Mq). We also observe 
a potential preference for close-in planets around 
higher mass stars to be in single systems. Due to 
the small sample size, however, these findings are 
tentative only and will have to await confirmation 
using larger samples with precise host-star proper- 
ties. 



The results presented here illustrate the powerful syn- 
ergy between asteroseismology and exoplanet studies. 
As the Kepler mission progresses, asteroseismology will 
continue to play an important role in characterizing 
new Kepler planet candidates, particularly for poten- 
tial long-period planets in the habitable zones of F-K 
dwarfs. An important future step will also be to extend 
the sample of planets with determined masses through 
radial velocity follow -up (see, e.g.. [Latham et al.l 120101 : 
iCochran et al.l 120 lit) or transit-timing variations (see, 
e.g..lFabrvckv et ahfeoil: iFord et aL|[20T2l: iSteffen et alJ 



I2012bli " for hosts for which asteroseismic constraints are 
available. This will enable precise constraints on planet 
densities. Additionally, the analysis of individual fre- 
quencies for planet-candidate hosts with high S/N de- 
tections will allow the precise determination of stellar 
ages, which can be used to investigate the chronology of 
their planetary systems. 
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TABLE 1 Asteroseismic and Spectroscopic Observations of 77 Kepler 
Planet-Candidate Hosts. 
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2.4 ±0.5 


131 


0.985 


3 


H 


- 


69 


3544595 


9.93 


3366 ± 81 


145.77 ± 0.45 


1.036 


28 


sc 


2.0 ±0.5 


175 


0.986 


10 


FHM 


- 


72 


11904151 


10.96 


- 


118.20 ±0.20 


_ 


5 


sc 


- 


_ 


_ 


- 


- 


Kepler- 10"= 


75 


7199397 


10.78 


643 ± 17 


38.63 ± 0.68 


1.859 


28 


sc 


5.6 ±0.5 


91 


0.964 


5 


HMT 


- 


85 


5866724 


11.02 


1880 ± 60 


89.56 ± 0.48 


_ 


27 


sc 


- 


_ 


_ 


- 


- 


Kepler-50'1 


87 


10593626 


11.66 


- 


137.5 ± 1.4 


_ 


18 


sc 


- 


_ 


_ 


- 


- 


Kepler-22'' 


97 


5780885 


12.88 


- 


56.4 ± 1.7 


1.050 


18 


sc 


3.3 ±0.5 


73 


0.975 


10 


FM 


_ 


98 


10264660 


12.13 


- 


53.9 ± 1.6 


1.078 


27 


sc 


10.8 ±0.5 


89 


0.970 


10 


FH 


Kepler- 14 


107 


11250587 


12.70 


- 


74.4 ±2.8 


1.035 


18 


sc 


3.3 ±0.7 


39 


0.889 


2 


F 


- 


108 


4914423 


12.29 


1663 ± 56 


81.5 ± 1.6 


1.062 


27 


sc 


3.8 ±0.7 


108 


0.945 


5 


HM 


- 


113 


2306756 


12.39 


1412 ± 50 


70.4 ±2.2 


1.054 


12 


sc 


2.5 ±0.5 


25 


0.915 


3 


FMT 


- 


117 


10875245 


12.49 


1711 ± 107 


86.7 ±3.7 


1.043 


21 


sc 


3.5 ±0.5 


39 


0.978 


2 


M 


- 


118 


3531558 


12.38 


- 


86.8 ± 2.2 


1.042 


18 


sc 


2.2 ±0.5 


25 


0.894 


1 


F 


- 


119 


9471974 


12.65 


- 


49.4 ± 3.2 


1.052 


12 


sc 


5.3 ±0.6 


27 


0.871 


3 


F 


- 


122 


8349582 


12.35 


1677 ± 90 


83.6 ± 1.4 


1.061 


27 


sc 


2.3 ±0.5 


107 


0.973 


5 


HM 


- 


123 


5094751 


12.37 


1745 ± 117 


91.1 ±2.3 


1.046 


27 


sc 


2.8 ±0.5 


117 


0.963 


6 


HM 


- 


168 


11512246 


13.44 


- 


72.9 ±2.1 


1.026 


27 


sc 


2.9 ±0.5 


24 


0.850 


2 


FM 


Kepler-23 


244 


4349452 


10.73 


2106 ± 50 


98.27 ±0.57 


1.082 


22 


sc 


11.1 ±0.5 


123 


0.939 


5 


HMT 


Kcplcr-25 


245 


8478994 


9.71 


- 


178.7 ± 1.4 


_ 


15 


sc 


- 




_ 


- 


- 


Kcplcr-37* 


246 


11295426 


10.00 


2154 ± 13 


101.57 ±0.10 


_ 


22 


sc 


- 




_ 


- 


- 


Kepler-68'5 


257 


5514383 


10.87 


- 


113.3 ±2.0 


1.081 


16 


sc 


9.4 ±0.5 


: 


0.909 


4 


MT 


- 


260 


8292840 


10.50 


1983 ± 37 


92.85 ± 0.35 


1.219 


21 


sc 


10.4 ±0.5 


47 


0.868 


3 


MT 


- 


262 


11807274 


10.42 


1496 ± 56 


75.71 ± 0.31 


_ 


18 


sc 


- 


_ 


_ 


- 


- 


Kepler-eS'^ 


263 


10514430 


10.82 


1303 ± 30 


70.0 ± 1.0 


1.077 


22 


sc 


2.7 ±0.6 


101 


0.876 


4 


HT 


- 


268 


3425851 


10.56 


2038 ± 60 


92.6 ±1.5 


1.125 


10 


sc 


9.5 ±0.5 


47 


0.900 


2 


FT 


- 


269 


7670943 


10.93 


1895 ± 73 


88.6 ± 1.3 


1.143 


19 


sc 


13.5 ±0.6 


53 


0.827 


2 


T 


- 


270 


6528464 


11.41 


1380 ± 56 


75.4 ±1.4 


1.144 


9 


sc 


3.5 ±0.5 


34 


0.855 


2 


T 


- 


271 


9451706 


11.48 


1988 ± 86 


95.0 ± 1.6 


1.067 


19 


sc 


8.1 ±0.6 


37 


0.837 


3 


T 


- 


273 


3102384 


11.46 


- 


124.3 ± 1.3 


1.026 


19 


sc 


2.4 ±0.5 


99 


0.951 


4 


HMT 


- 


274 


8077137 


11.39 


1324 ± 39 


68.80 ±0.64 


1.186 


18 


sc 


7.7±0.5 


149 


0.960 


2 


HM 


- 


275 


10586004 


11.70 


1395 ± 40 


69.2 ± 1.4 


1.249 


6 


sc 


3.4 ±0.5 


37 


0.904 


2 


T 


- 


276 


11133306 


11.85 


2381 ± 95 


107.9 ± 1.9 


1.033 


18 


sc 


2.8 ±0.5 


33 


0.901 


1 


T 


- 


277 


11401755 


11.87 


1250 it 44 


67.9 ± 1.2 


_ 


15 


sc 


- 


_ 


_ 


- 


- 


Kepler-36'' 


279 


12314973 


11.68 


- 


78.7 ± 5.3 


1.078 


19 


sc 


15.2 ±0.5 


27 


0.880 


1 


M 


- 


280 


4141376 


11.07 


2928 ± 97 


128.8 ± 1.3 


1.037 


20 


sc 


3.5 ±0.5 


56 


0.876 


1 


T 


- 


281 


4143755 


11.95 


1458 ± 57 


77.2 ± 1.3 


1.043 


18 


sc 


2.2 ±0.6 


34 


0.836 


2 


FT 


- 


282 


5088536 


11.53 


- 


109.6 ±3.1 


1.052 


4 


sc 


3.0 ±0.5 


28 


0.941 


1 


M 


- 


285 


6196457 


11.56 


1299 ± 53 


66.6 ±1.1 


1.118 


9 


sc 


4.2 ±0.6 


33 


0.884 


2 


MT 


- 


288 


9592705 


11.02 


1008 ± 21 


53.54 ± 0.32 


1.317 


13 


sc 


9.4 ±0.5 


41 


0.870 


3 


MT 


- 


319 


8684730 


12.71 


962 ± 39 


51.7 ± 1.9 


1.201 


9 


sc 


5.9 ±0.5 


32 


0.885 


2 


T 


- 


370 


8494142 


11.93 


1133 ±81 


61.80 ±0.76 


1.166 


15 


sc 


8.9 ±0.5 


29 


0.835 


2 


T 


- 


371 


5652983 


12.19 


- 


29.27 ± 0.36 


1.196 


15 


sc 


3.1 ±0.6 


22 


0.866 


2 


T 


- 


623 


12068975 


11.81 


2298 ± 105 


108.4 ±3.1 


1.048 


15 


sc 


2.6 ±0.5 


33 


0.847 


3 


T 


- 


674 


7277317 


13.78 


533 ± 15 


33.00 ±0.72 


1.254 


6 


sc 


1.6 ±0.5 


54 


0.972 


1 


H 


- 


974 


9414417 


9.58 


1115 ±32 


60.05 ± 0.27 


1.636 


16 


sc 


9.3 ±0.5 


55 


0.953 


2 


T 


- 


975 


3632418 


8.22 


1153 ±32 


60.86 ± 0.55 


- 


1 


sc 


- 


- 


- 


- 


- 


Kepler-2l' 


981 


8607720 


10.73 


159.0 ±2.4 


12.86 ± 0.06 


2.864 


31 


LC 


2.0 ±0.5 


54 


0.964 


5 


FT 


- 


1019 


8179973 


10.27 


341.8 ± 6.4 


22.93 ±0.13 


4.575 


16 


sc 


2.2 ±0.5 


93 


0.979 


4 


HMT 


- 


1054 


6032981 


11.90 


35.1 ±0.6 




2.697 


31 


LC 


7.3 ±0.5 


24 


0.881 


3 


M 




1221 


3640905 


11.58 


500.7 ± 7.0 


30.63 ±0.20 


3.201 


9 


sc 


2.5 ±0.5 


32 


0.945 


2 


T 




1222 


4060815 


12.20 


333 ±11 


22.33 ±0.56 


4.676 


1 


sc 


2.6 ±0.5 


25 


0.923 


2 


T 




1230 


6470149 


12.26 


118.2 ± 3.7 


9.59 ±0.04 


1.591 


31 


LC 


3.3 ±0.5 


22 


0.903 


1 


T 




1241 


6448890 


12.44 


244.3 ± 3.4 


17.40 ±0.24 




31 


LC 












Kepler-56j 


1282 


8822366 


12.55 




71.3 ± 1.9 


1.069 


9 


sc 


7.2 ±0.5 


29 


0.873 


2 


T 




1299 


10864656 


12.18 


259.5 ±4.3 


18.53 ±0.17 


3.696 


9 


sc 


2.7 ±0.5 


32 


0.940 


10 


FT 




1314 


10585852 


13.24 


352.1 ±6.9 


23.42 ± 0.23 


1.868 


9 


sc 


2.2 ±0.5 


25 


0.935 


2 


MT 




1537 


9872292 


11.74 




63.8 ±1.2 


1.135 


9 


sc 


9.6 ±0.7 


23 


0.810 


2 


M 
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058 


22 


sc 


1.6 di 0.5 


208 





985 


4 


FH 




1930 


5511081 


12.12 




63.3 ±3.4 


1 


121 


3 


SC 


4.3 lb 0.5 


32 





932 


2 


FM 




1962 


5513648 


10.77 




78.6 ±3.7 


1 


106 


3 


SC 


3.9 lb 0.5 


41 





926 


3 


FMT 




2133 


8219268 


12.49 


108.9 ±3.0 


9.39 ±0.22 


5 


393 


31 


LC 


3.2 lb 0.5 


21 





918 


3 


T 




2481 


4476423 


13.61 


51.2 ± 1.6 


5.09 ±0.12 


4 


626 


13 


LC 


5.9 lb 1.3 


13 





707 


1 


M 




2545 


9696358 


11.75 




51.4 ±3.7 


1 


388 


1 


SC 


8.9 lb 0.5 


29 





941 


1 


M 




2640 


9088780 


13.23 


76.7 ± 1.3 


7.46 ±0.09 


5 


433 


16 


LC 


2.0 lb 0.5 


56 





981 


1 


H 





The solar reference values for the asteroseismic observations are i^max,© = 3090 ± 30 fiUz and Auq = 135.1 ± 0.1 ^tHz CHuber et aI|[20TlD . 
"HBR" denotes the height-to-background ratio of the power excess (a measure of signal-to-noise, see e.g. Kallinger ct al. 20103), "Cad" 
the type of Kepler data used for the detection (SC = short-cadence, LC = long-cadence), and "M" the number of months of Kepler data 
used for the analysis. For spectroscopi c observations , "CCF" denotes the cross-correlation function (a measure of the quality of the fit 
compared to the spectral template, see lBuchhave et~al..,2012 ). "Sp" the number of spectra used in the analysis, and "Obs" the 
spectrographs used for the observations (F = FIES, H = HIRES, M = McDonald , T = TRES). References to s olutions published in 
separate pape r s: a - .Barclav et al. (20T5), b - IChristens en-Dal sgaard et al.l J20ig). c -IBataIha et aLl J2011I), d -IChaplin et J ] ||2013| ). e - 
IBorucki et all II2012I) . f -[Barclay ct al. ( 20T3) ri~TGimiand ct al.l 1 12013) . h - [Carter et al.l II2012I 1. i rHo„cU ct al." (2012). i - IHuber et al.l 
1)20131 ). Note that stars with solutions published in separate papers were not re-analyzed in this study, and hence the columns "HBR" as 
well as spectroscopic information arc not available for these host stars. 



TABLE 2 Fundamental Properties of 77 Kepler Planet-Candidate Hosts. 



KOI 


KIC 


Toff (K) 


[Fe/H] 


p (g cm ■*) 


R{Rq) 




M{A4e) 


Notes 




1 


11446443 


5850 ± 50 


-0.15 ±0.10 


1.530 + 0.030 


0.950 ±0.020 





940 ± 0.050 


Kepler 


1=* 


2 


10666592 


6350 ± 80 


+0.26 ±0.08 


0.2712 ± 0.0032 


1.991 ± 0.018 


1 


520 ± 0.036 


Kepler 


2^ 


5 


8554498 


5753 ± 75 


+0.05 ±0.10 


0.2965 ± 0.0092 


1.747 ± 0.042 


1 


130 ±0.065 


— 




7 


11853905 


5781 ± 76 


+0.09 + 0.10 


0.427 ±0.013 


1.533 ± 0.040 


1 


092 ± 0.073 


Kepler 


4 


41 


6521045 


5825 ± 75 


+0.02 + 0.10 


0.457 ±0.013 


1.490 ±0.035 


1 


080 ± 0.063 


— 




42 


8866102 


6325 ± 75 


+0.01 + 0.10 


0.6892 ± 0.0088 


1.361 ± 0.018 


1 


242 ± 0.045 


- 




64 


7051180 


5302 ± 75 


-0.00 + 0.10 


0.1238 ±0.0033 


2.437 ± 0.072 


1 


262 ± 0.089 






69 


3544595 


5669 ± 75 


-0.18 + 0.10 


1.640 ±0.010 


0.921 ± 0.020 





909 ± 0.057 






72 


11904151 


5627 ± 44 


-0.15 + 0.04 


1.0680 ± 0.0080 


1.056 ± 0.021 





895 ± 0.060 


Kepler 


10^= 


75 


7199397 


5896 ± 75 


-0.17 + 0.10 


0.1152 ± 0.0040 


2.527 ±0.059 


1 


330 ± 0.069 






85 


5866724 


6169 ± 50 


+0.09 + 0.08 


0.621 ± 0.011 


1.424 ± 0.024 


1 


273 ±0.061 


Kepler 


50^^ 


87 


10593626 


5642 ± 50 


-0.27 + 0.08 


1.458 ± 0.030 


0.979 ± 0.020 





970 ± 0.060 


Kepler 


22° 


97 


5780885 


6027 ± 75 


+0.10 + 0.10 


0.245 ± 0.015 


1.962 ± 0.066 


1 


318 ±0.089 






98 


10264660 


6378 ± 75 


-0.02 + 0.10 


0.224 ±0.014 


2.075 ± 0.070 


1 


391 ± 0.098 


Kepler 


14 


107 


11250587 


5862 ± 97 


+0.27 + 0.11 


0.427 ± 0.032 


1.586 ± 0.061 


1 


201 ±0.091 






108 


4914423 


5845 ± 88 


+0.07 + 0.11 


0.513 ± 0.020 


1.436 ± 0.039 


1 


094 ± 0.068 






113 


2306756 


5543 ± 79 


+0.44 + 0.10 


0.382 ± 0.024 


1.580 ±0.064 


1 


103 ±0.097 






117 


10875245 


5851 ± 75 


+0.27 + 0.10 


0.581 ± 0.049 


1.411 ±0.047 


1 


142 ± 0.068 






118 


3531558 


5747 ± 85 


+0.03 + 0.10 


0.581 ± 0.030 


1.357 ± 0.040 


1 


023 ± 0.070 






119 


9471974 


5854 ± 92 


+0.31 + 0.11 


0.188 ± 0.024 


2.192 ± 0.121 


1 


377 ± 0.089 






122 


8349582 


5699 ± 74 


+0.30 + 0.10 


0.540 ±0.019 


1.415 ± 0.039 


1 


084 ± 0.076 






123 


5094751 


5952 ± 75 


-0.08 + 0.10 


0.641 ± 0.032 


1.323 ± 0.037 


1 


039 ± 0.065 






168 


11512246 


5828 ± 100 


-0.05 + 0.10 


0.410 ±0.023 


1.548 ± 0.048 


1 


078 ± 0.077 


Kepler 


23 


244 


4349452 


6270 ± 79 


-0.04 + 0.10 


0.7453 ± 0.0086 


1.309 ± 0.023 


1 


187 ± 0.060 


Kepler 


25 


245 


8478994 


5417 ± 75 


-0.32 + 0.07 


2.458 ± 0.046 


0.772 ± 0.026 





803 ± 0.068 


Kepler 


37^ 


246 


11295426 


5793 ± 74 


+0.12 + 0.07 


0.7903 ± 0.0054 


1.243 ± 0.019 


1 


079 ± 0.051 


Kepler 


68S 


257 


5514383 


6184 ±81 


+0.12 + 0.10 


0.990 ±0.034 


1.188 ±0.022 


1 


180 ± 0.053 






260 


8292840 


6239 ± 94 


-0.14 + 0.10 


0.6652 ± 0.0050 


1.358 ± 0.024 


1 


188 ± 0.059 






262 


11807274 


6225 ± 75 


-0.00 + 0.08 


0.4410 ± 0.0040 


1.584 ±0.031 


1 


259 ± 0.072 


Kepler 


65^^ 


263 


10514430 


5784 ± 98 


-0.11 + 0.11 


0.378 ± 0.011 


1.574 ±0.039 


1 


045 ± 0.064 






268 


3425851 


6343 ± 85 


-0.04 + 0.10 


0.662 ± 0.021 


1.366 ± 0.026 


1 


230 ± 0.058 






269 


7670943 


6463 ± 110 


+0.09 + 0.11 


0.605 ± 0.018 


1.447 ± 0.026 


1 


318 ±0.057 






270 


6528464 


5588 ± 99 


-0.10 + 0.10 


0.439 ± 0.016 


1.467 ± 0.033 





969 ± 0.053 






271 


9451706 


6106 ± 106 


+0.33 + 0.10 


0.697 ±0.023 


1.359 ± 0.035 


1 


240 ± 0.086 






273 


3102384 


5739 ± 75 


+0.35 + 0.10 


1.193 ± 0.025 


1.081 ± 0.019 


1 


069 ± 0.048 






274 


8077137 


6072 ± 75 


-0.09 + 0.10 


0.3653 ± 0.0068 


1.659 ± 0.038 


1 


184 ± 0.074 






275 


10586004 


5770 ± 83 


+0.29 + 0.10 


0.370 ±0.015 


1.641 ± 0.051 


1 


197 ± 0.094 






276 


11133306 


5982 ± 82 


-0.02 + 0.10 


0.898 ± 0.032 


1.185 ± 0.026 


1 


076 ± 0.061 






277 


11401755 


5911 ±66 


-0.20 + 0.06 


0.3508 ± 0.0056 


1.626 ± 0.019 


1 


071 ± 0.043 


Kepler 


361^ 


279 


12314973 


6215 ±89 


+0.28 + 0.10 


0.478 ± 0.064 


1.570 ± 0.085 


1 


346 ± 0.084 
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280 


4141376 


6134 ± 91 


-0, 


,24 it 0, 


10 


1.281 ± 0, 


,027 


1.042 ± 0.026 


1 


.032 it 0, 


,070 




281 


4143755 


5622 ± 106 


-0, 


,40 ± 0, 


11 


0.459 ± 0, 


,015 


1.406 ± 0.041 





.884 it 0, 


,066 




282 


5088536 


5884 ± 75 


-0, 


,22 ± 0, 


10 


0.927 ± 0, 


,053 


1.127 ± 0.033 





.934 it 0, 


,059 




285 


6196457 


5871 ± 94 


+0, 


,17 ± 0, 


11 


0.342 ± 0, 


,011 


1.703 ± 0.048 


1 


.207 it 0, 


,084 




288 


9592705 


6174 ± 92 


+0, 


,22 ± 0, 


,10 


0.2212 ± 0, 


,0027 


2.114 it 0.042 


1, 


.490 it 0, 


,082 




319 


8684730 


5882 ± 87 


+0. 


,16 ± 0. 


,10 


0.206 ± 0, 


.015 


2.064 it 0.076 


1 


.325 it 0. 


,096 




370 


8494142 


6144 ± 106 


+0, 


,13 ± 0. 


,10 


0.2948 ± 0, 


.0072 


1.850 it 0.050 


1 


.319 it 0. 


,101 




371 


5652983 


5198 ± 95 


+0, 


,19 ± 0. 


,11 


0.0661 ± 


.0016 


3.207 it 0.107 


1 


.552 it 0. 


,154 




623 


12068975 


6004 ± 102 


— 0. 


,38 ± 0. 


,10 


0.907 ±0, 


.052 


1.120 it 0.033 





.922 it 0. 


,059 




674 


7277317 


4883 ± 75 


+0, 


,16 ± 0, 


,10 


0.0840 ± 


.0037 


2.690 it 0.114 


1 


.150 it 0, 


,120 




974 


9414417 


6253 ± 75 


-0, 


,13 ± 0, 


10 


0.2783 ± 0, 


,0025 


1.851 ± 0.044 


1 


.270 it 0, 


,086 




975 


3632418 


6131 ± 44 


-0, 


,15 ± 0, 


,06 


0.2886 ± 0, 


,0087 


1.860 ± 0.020 


1 


.340 it 0, 


,010 


Kepler-21' 


981 


8607720 


5066 ± 75 


~0, 


,33 ± 0, 


10 


0.01275 ± 0, 


,00011 


5.324 ± 0.107 


1 


.372 it 0, 


,073 




1019 


8179973 


5009 ± 75 


-0, 


,02 ± 0, 


10 


0.04057 ± 0, 


,00047 


3.585 ± 0.090 


1 


.327 it 0, 


,094 




1054* 


6032981 


5254 ± 97 


-0, 


,94 ± 0, 


16 
















1221 


3640905 


4991 ± 75 


+0, 


,28 ± 0, 


,10 


0.07240 ± 0, 


.00094 


2.935 it 0.066 


1 


.298 it 0, 


,076 




1222 


4060815 


5055 ± 75 


-0. 


,07 ± 0. 


,10 


0.0385 ± 0, 


.0019 


3.733 it 0.176 


1 


.429 it 0. 


,162 




1230 


6470149 


5015 ± 97 


-0, 


,21 ± 0. 


,16 


0.007091 ± 0, 


.000067 


7.062 it 0.258 


1 


.782 it 0. 


,193 




1241 


6448890 


4840 ± 97 


+0. 


,20 ± 0, 


,16 


0.02460 ± 0, 


.00060 


4.230 it 0.150 


1 


.320 it 0. 


,130 


Kepler-56' 


1282 


8822366 


6034 ± 92 


-0, 


,14 ± 0. 


,10 


0.392 ± 0, 


.021 


1.592 it 0.050 


1 


.120 it 0. 


,083 




1299 


10864656 


4995 ± 78 


-0, 


,07 ± 0, 


,10 


0.02650 ± 


.00049 


4.160 it 0.120 


1 


.353 it 0, 


,101 




1314 


10585852 


5048 ± 75 


-0, 


,03 ± 0, 


10 


0.04233 ± 


,00082 


3.549 ± 0.104 


1 


.345 it 0, 


,102 




1537 


9872292 


6260 ± 116 


+0, 


,10 ± 0, 


11 


0.314 ± 


,011 


1.824 ± 0.049 


1 


.366 it 0, 


101 




1612 


10963065 


6104 ± 74 


-0, 


,20 ± 0, 


10 


0.822 ± 0, 


,010 


1.225 ± 0.027 


1 


.079 it 0, 


,069 




1613 


6268648 


6044 ± 117 


-0, 


,24 ± 0, 


11 


0.609 ± 0, 


,028 


1.327 ± 0.041 


1 


.008 it 0, 


,080 




1618 


7215603 


6173 ± 93 


+0, 


,17 ± 0, 


10 


0.524 ± 0, 


,013 


1.506 ± 0.035 


1 


.270 it 0, 


,082 




1621 


5561278 


6081 ± 75 


— 0, 


,03 ± 0, 


,10 


0.244 ± 0, 


.014 


1.954 it 0.064 


1 


.294 it 0, 


,093 




1890 


7449136 


6099 ± 75 


+0. 


,04 ± 0. 


,10 


0.450 ± 0, 


.017 


1.557 it 0.040 


1 


.206 it 0. 


,083 




1894 


11673802 


4992 ± 75 


+0, 


,04 ± 0, 


,10 


0.0365 ± 0, 


.0013 


3.790 it 0.190 


1 


.410 it 0. 


,214 




1924 


5108214 


5844 ± 75 


+0. 


,21 ±0, 


,10 


0.1319 ±0, 


.0043 


2.490 it 0.055 


1 


.443 it 0. 


,080 




1925 


9955598 


5460 ± 75 


+0, 


,08 ± 0. 


,10 


1.8106 ± 0, 


.0032 


0.893 it 0.018 





.918 it 0. 


,057 




1930 


5511081 


5923 ± 77 


-0, 


,07 ± 0, 


,10 


0.309 ± 


.034 


1.735 it 0.082 


1 


.142 it 0, 


,084 




1962 


5513648 


5904 ± 85 


-0, 


,07 ±0, 


10 


0.477 ± 0, 


,045 


1.470 ± 0.060 


1 


.083 it 0, 


,071 




2133 


8219268 


4605 ± 97 


+0, 


,29 ±0, 


16 


0.00681 ± 0, 


,00032 


6.528 ± 0.352 


1 


.344 it 0, 


169 




2481 


4476423 


4553 ± 97 


+0, 


,42 ±0, 


16 


0.001999 ± 0, 


,000096 


10.472 ±0.696 


1 


.616 it 0, 


,256 




2545 


9696358 


6131 ± 75 


+0, 


,13 ±0, 


,10 


0.204 ± 0, 


.029 


2.134 it 0.134 


1 


.417 it 0, 


,093 




2640 


9088780 


4854 ± 97 


-0, 


,33 ± 0, 


,16 


0.00429 ± 0, 


.00010 


7.478 it 0.246 


1 


.274 it 0. 


,110 





Note that p is derived directly from scaling relations, while Rq and Mq are modeled values using asteroseismic constraints. For 
references to solutions published in separate papers, see Table 1. 

* No full solution was derived for KOI-1054 due to the lack of a reliable Ai/ measurement. The asteroseismic surfa<;e gravity constrained 
using i/max is log g = 2.47 it 0.01 dex. 



TABLE 3 Re-derived Properties of 107 Planet Candidates in the Sample. 



KOI 


P(d) 


R-pl R* 


Rp(Rq) 


a (AU) 




1.01 


2.470613200 it 0.000000100 


0.124320 ±0, 


,000080 


12.89 ±0.27 


0.03504 ± 0, 


,00062 


773 


2.01 


2.204735400 it 0.000000100 


0.075450 ± 0, 


,000020 


16.39 ±0.15 


0.03812 ± 0, 


,00030 


3983 


5.01 


4.7803287 it 0.0000030 


0.03651 ± 0, 


,00026 


6.96 ±0.17 


0.0579 ± 0, 


,0011 


897 


5.02 


7.05186 it 0.00028 


0.00428 ± 0, 


,00038 


0.816 ± 0.075 


0.0750 ± 0, 


,0014 


534 


7.01 


3.2136641 it 0.0000042 


0.026920 ± 0, 


,000070 


4.50 ±0.12 


0.04389 ± 0, 


,00098 


1223 


41.01 


12.815735 it 0.000053 


0.015440 ± 0, 


,000100 


2.511 ±0.062 


0.1100 ±0, 


,0021 


190 


41.02 


6.887099 it 0.000062 


0.00918 ± 0, 


,00016 


1.493 ±0.044 


0.0727 ± 0, 


,0014 


434 


41.03 


35.33314 ± 0.00063 


0.01042 ± 0, 


,00030 


1.694 ±0.063 


0.2162 ±0, 


,0042 


49 


42.01 


17.834381 ± 0.000031 


0.018250 ±0, 


,000100 


2.710 ±0.039 


0.1436 ±0, 


,0017 


129 


64.01 


1.9510914 it 0.0000040 


0.04015 ±0, 


,00093 


10.68 ±0.40 


0.03302 ± 0, 


,00078 


3864 


69.01 


4.7267482 i 0.0000052 


0.01575 ±0, 


,00011 


1.583 ±0.037 


0.0534 ± 0, 


,0011 


276 


72.01 


0.8374903 it 0.0000015 


0.012650 ± 0, 


,000070 


1.458 ±0.030 


0.01676 ± 0, 


,00037 


3574 


72.02 


45.29404 it 0.00020 


0.02014 ± 0, 


,00013 


2.321 ± 0.049 


0.2397 ± 0, 


,0054 


17 


75.01 


105.88531 it 0.00033 


0.039310 ± 0, 


,000080 


10.84 ±0.25 


0.4817 ± 0, 


,0083 


30 


85.01 


5.859933 it 0.000011 


0.018040 ± 0, 


,000080 


2.803 ± 0.049 


0.0689 ± 0, 


,0011 


555 


85.02 


2.1549189 ±0.0000083 


0.009710 ± 0, 


,000090 


1.509 ± 0.029 


0.03539 ± 0, 


,00057 


2106 


85.03 


8.131146 ±0.000051 


0.01081 ± 0, 


,00014 


1.680 ±0.036 


0.0858 ± 0, 


,0014 


358 


87.01 


289.8622 ± 0.0018 


0.0226 ±0, 


,0016 


2.42 ±0.18 


0.849 ± 0, 


,017 


1.2 


97.01 


4.88548920 ± 0.00000090 


0.082840 ±0, 


,000030 


17.74 ±0.59 


0.0618 ±0, 


,0014 


1195 


98.01 


6.7901235 ± 0.0000036 


0.056080 ± 0, 


,000050 


12.70 ± 0.43 


0.0783 ± 0, 


,0018 


1042 


107.01 


7.256999 ± 0.000019 


0.02228 ± 0, 


,00011 


3.86 ±0.15 


0.0780 ± 0, 


,0020 


438 


108.01 


15.965349 ± 0.000047 


0.02224 ± 0, 


,00014 


3.484 ± 0.096 


0.1279 ±0, 


,0027 


132 
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108.02 


179.6010 ± 0.0012 


0.03371 


± 


0, 


,00017 


5.28 ± 0.14 


0.642 


± 


0, 


,013 


5.2 


117.01 


14.749102 ± 0.000076 


0.02271 


± 


0, 


,00016 


3.50 ± 0.12 


0.1230 


± 


0, 


,0025 


139 


117.02 


4.901467 ± 0.000039 


0.01321 


it 


0, 


,00020 


2.034 ± 0.074 


0.0590 


± 


0, 


,0012 


602 


117.03 


3.179962 ± 0.000025 


0.01222 


± 


0, 


,00019 


1.882 ± 0.069 


0.04423 


± 


0, 


,00088 


1071 


117.04 


7.95792 ± 0.00017 


0.00833 


± 


0, 


,00038 


1.283 it 0.072 


0.0815 


± 


0, 


,0016 


315 


118.01 


24.99334 ± 0.00019 


0.01656 


± 


0, 


,00024 


2.453 it 0.080 


0.1686 


± 


0, 


,0039 


64 


119.01 


49.18431 ± 0.00013 


0.037540 


± 


0, 


,000090 


8.98 it 0.50 


0.2923 


± 


0, 


,0063 


59 


119.02 


190.3134 ± 0.0020 


0.03297 


± 


0, 


,00020 


7.89 it 0.44 


0.720 


± 


0, 


,016 


9.8 


122.01 


11.523063 ± 0.000028 


0.02342 


± 


0, 


,00020 


3.62 it 0.10 


0.1026 


± 


0, 


,0024 


180 


123.01 


6.481674 ± 0.000018 


0.01686 


± 


0, 


,00015 


2.434 it 0.071 


0.0689 


± 


0, 


,0014 


415 


123.02 


21.222534 ± 0.000093 


0.01734 


± 


0, 


,00016 


2.503 ± 0.073 


0.1520 


± 


0, 


,0032 


85 


168.01 


10.742491 ± 0.000063 


0.02049 


± 


0, 


,00018 


3.46 ± 0.11 


0.0977 


± 


0, 


,0023 


260 


168.02 


15.27448 ± 0.00019 


0.01376 


± 


0, 


,00029 


2.325 ± 0.088 


0.1235 


± 


0, 


,0029 


163 


168.03 


7.10690 ± 0.00012 


0.01111 


± 


0, 


,00033 


1.877 ± 0.081 


0.0742 


± 


0, 


,0018 


451 


244.01 


12.7203650 ± 0.0000070 


0.03583 


± 


0, 


,00017 


5.117 ± 0.095 


0.1129 


± 


0, 


,0019 


186 


244.02 


6.2385593 ± 0.0000075 


0.018690 


± 


0, 


,000090 


2.669 it 0.050 


0.0702 


± 


0, 


,0012 


482 


245.01 


39.792196 ± 0.000052 


0.02513 


± 


0, 


,00033 


2.117 it 0.077 


0.2120 


± 


0, 


,0060 


10 


245.02 


21.30185 ± 0.00013 


0.00949 


± 


0, 


,00017 


0.799 it 0.030 


0.1398 


± 


0, 


,0039 


24 


245.03 


13.36726 ± 0.00031 


0.00422 


± 


0, 


,00027 


0.356 it 0.026 


0.1025 


± 


0, 


,0029 


44 


246.01 


5.3987665 ± 0.0000071 


0.018690 


± 


0. 


,000080 


2.535 it 0.040 


0.06178 


± 


0, 


,00097 


409 


257.01 


6.883403 ± 0.000012 


0.02052 


± 


0, 


,00015 


2.661 it 0.054 


0.0748 


± 


0, 


,0011 


331 


260.01 


10.495678 ± 0.000075 


0.01125 


± 


0, 


,00015 


1.667 ± 0.037 


0.0994 


± 


0, 


,0017 


254 


260.02 


100.28319 ± 0.00085 


0.01925 


± 


0, 


,00016 


2.852 ± 0.057 


0.4474 


± 


0, 


,0074 


13 


262.01 


7.812512 ± 0.000052 


0.01074 


it 


0, 


,00015 


1.856 ± 0.045 


0.0832 


± 


0, 


,0016 


489 


262.02 


9.376137 ± 0.000056 


0.01362 


it 


0, 


,00030 


2.354 ± 0.069 


0.0940 


± 


0, 


,0018 


383 


263.01 


20.71936 ± 0.00019 


0.01315 


it 


0, 


,00034 


2.259 ± 0.081 


0.1498 




0, 


,0031 


111 


268.01 


110.37908 ± 0.00084 


0.02011 


it 


0, 


,00015 


2.997 it 0.061 


0.4826 


± 


0, 


,0076 


12 


269.01 


18.01134 ± 0.00022 


0.01074 


it 


0. 


,00019 


1.696 it 0.043 


0.1475 


± 


0, 


,0021 


151 


270.01 


12.58250 ± 0.00014 


0.01127 


it 


0, 


,00020 


1.804 it 0.052 


0.1048 


± 


0, 


,0019 


172 


270.02 


33.67312 ± 0.00049 


0.01334 


it 


0, 


,00024 


2.135 it 0.062 


0.2020 


± 


0, 


,0037 


46 


271.01 


48.63070 ± 0.00041 


0.01876 


it 


0. 


,00021 


2.782 it 0.078 


0.2801 


± 


0, 


,0065 


29 


271.02 


29.39234 ± 0.00018 


0.01785 


it 


0, 


,00016 


2.647 it 0.072 


0.2003 


± 


0, 


,0046 


57 


273.01 


10.573769 ± 0.000026 


0.0156 


it 


0, 


,0029 


1.84 ± 0.35 


0.0964 


± 


0, 


,0015 


122 


274.01 


15.09205 ± 0.00035 


0.00663 


it 


0, 


,00033 


1.200 ± 0.066 


0.1264 


± 


0, 


,0026 


210 


274.02 


22.79519 ± 0.00063 


0.00667 


it 


0, 


,00036 


1.208 ± 0.071 


0.1665 


± 


0, 


,0035 


121 


275.01 


15.79186 ± 0.00014 


0.01316 


it 


0, 


,00015 


2.357 ± 0.078 


0.1308 


± 


0, 


,0034 


157 


275.02 


82.1997 ± 0.0020 


0.01375 


it 


0, 


,00032 


2.463 ± 0.096 


0.393 


± 


0, 


,010 


17 


276.01 


41.74591 ± 0.00018 


0.02052 


it 


0, 


,00082 


2.65 it 0.12 


0.2413 


± 


0, 


,0045 


28 


277.01 


16.231204 ± 0.000054 


0.021810 


it 


0, 


,000100 


3.870 it 0.049 


0.1284 


± 


0, 


,0017 


176 


279.01 


28.455113 ± 0.000053 


0.0351 


it 


0, 


,0015 


6.01 it 0.41 


0.2014 


± 


0, 


,0042 


81 


279.02 


15.41298 ± 0.00012 


0.0158 


it 


0. 


,0034 


2.72 it 0.60 


0.1338 


± 


0, 


,0028 


184 


280.01 


11.872914 ± 0.000023 


0.01972 


it 


0. 


,00073 


2.242 it 0.100 


0.1029 


± 


0, 


,0023 


130 


281.01 


19.55663 ± 0.00011 


0.01689 


it 


0, 


,00012 


2.592 it 0.078 


0.1363 


± 


0, 


,0034 


95 


282.01 


27.508733 ± 0.000086 


0.02774 


it 


0, 


,00013 


3.41 ± 0.10 


0.1743 


± 


0, 


,0037 


45 


282.02 


8.457489 ± 0.000097 


0.00969 


it 


0, 


,00028 


1.191 ± 0.049 


0.0794 


± 


0, 


,0017 


217 


285.01 


13.748761 ± 0.000072 


0.02026 


it 


0, 


,00017 


3.77 ± 0.11 


0.1196 


± 


0, 


,0028 


216 


288.01 


10.275394 ± 0.000058 


0.01463 


± 


0, 


,00013 


3.376 ± 0.073 


0.1057 


± 


0, 


,0019 


522 


319.01 


46.15159 ± 0.00011 


0.04655 


± 


0, 


,00024 


10.49 ± 0.39 


0.2765 


± 


0, 


,0067 


60 


370.01 


42.88255 ± 0.00031 


0.01998 


it 


0, 


,00015 


4.03 it 0.11 


0.2630 


± 


0, 


,0067 


63 


370.02 


22.95036 ± 0.00032 


0.01227 


it 


0. 


,00034 


2.477 it 0.096 


0.1733 


± 


0, 


,0044 


146 


623.01 


10.34971 ± 0.00012 


0.01062 


it 


0. 


,00027 


1.298 it 0.050 


0.0905 


± 


0, 


,0019 


179 


623.02 


15.67749 ± 0.00020 


0.01106 


it 


0, 


,00026 


1.351 it 0.051 


0.1193 


± 


0, 


,0026 


103 


623.03 


5.599359 ± 0.000062 


0.00918 


it 


0. 


,00023 


1.122 it 0.043 


0.0601 


± 


0, 


,0013 


405 


674.01 


16.338952 ± 0.000071 


0.04259 


it 


0, 


,00022 


12.50 it 0.54 


0.1320 


± 


0, 


,0046 


212 


974.01 


53.50607 ± 0.00061 


0.01353 


it 


0, 


,00014 


2.733 ± 0.071 


0.3010 


± 


0, 


,0068 


52 


975.01 


2.785819 ± 0.000017 


0.007740 


± 


0, 


,000100 


1.571 ± 0.026 


0.04272 


± 


0, 


,00011 


2405 


981.01 


3.99780 ± 0.00012 


0.00819 


± 


0, 


,00053 


4.76 ± 0.32 


0.05478 


± 


0, 


,00098 


5586 


1019.01* 


2.497052 ± 0.000063 


0.00689 


± 


0, 


,00041 


2.70 ± 0.17 


0.03958 


± 


0, 


,00094 


4637 


1221.01 


30.16012 ± 0.00052 


0.01469 


it 


0, 


,00034 


4.71 ± 0.15 


0.2069 


± 


0, 


,0040 


112 


1221.02 


51.0802 ± 0.0018 


0.01106 


it 


0, 


,00039 


3.54 it 0.15 


0.2939 


± 


0, 


,0057 


56 


1222.01 


4.28553 ± 0.00014 


0.00649 


it 


0. 


,00065 


2.64 it 0.29 


0.0582 


± 


0, 


,0022 


2416 


1230.01+ 


165.72106 ± 0.00077 


0.08259 


it 


0, 


,00018 


63.64 it 2.33 


0.716 


± 


0, 


,026 


55 


1241.01 


21.40505 ± 0.00036 


0.02292 


it 


0, 


,00033 


10.58 it 0.40 


0.1655 


± 


0, 


,0054 


322 


1241.02 


10.50343 ± 0.00025 


0.01120 


it 


0. 


,00033 


5.17 it 0.24 


0.1030 


± 


0, 


,0034 


832 


1282.01 


30.86392 ± 0.00031 


0.01428 


it 


0, 


,00018 


2.480 it 0.084 


0.2000 


± 


0, 


,0049 


75 


1299.01 


52.50128 ± 0.00067 


0.02683 


it 


0, 


,00030 


12.18 it 0.38 


0.3035 


± 


0, 


,0076 


105 


1314.01 


8.57507 ± 0.00018 


0.01191 


it 


0, 


,00027 


4.61 ±0.17 


0.0905 


± 


0, 


,0023 


896 


1537.01 


10.19144 ±0.00022 


0.00675 


it 


0, 


,00020 


1.343 ± 0.054 


0.1021 


± 


0, 


,0025 


440 
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1612, 


.01 


2.464999 ± 0.000020 


0.00531 


± 


0. 


.00025 


0.710 ± 0.037 


0.03663 


± 


0. 


.00078 


1394 


1613 


.01 


15.86621 ± 0.00020 


0.00933 


± 


0, 


.00064 


1.35 ± 0.10 


0.1239 


± 


0. 


.0033 


137 


1618, 


.01 


2.364320 ± 0.000036 


0.00547 


± 


0, 


.00020 


0.899 ± 0.039 


0.03761 


± 


0. 


.00081 


2089 


1621 


.01 


20.31035 ± 0.00024 


0.01290 


± 


0. 


.00027 


2.75 ± 0.11 


0.1588 


± 


0. 


.0038 


186 


1890, 


.01 


4.336491 ± 0.000029 


0.01035 


± 


0, 


.00014 


1.758 ± 0.051 


0.0554 


± 


0. 


.0013 


981 


1894, 


.01 


5.288016 ± 0.000045 


0.01733 


± 


0. 


.00019 


7.17 ± 0.37 


0.0666 


± 


0. 


.0034 


1805 


1924, 


.01* 


2.119128 ± 0.000038 


0.00645 


± 


0. 


.00022 


1.753 ± 0.071 


0.03649 


± 


0. 


.00067 


4878 


1925, 


.01 


68.95800 ± 0.00090 


0.0108 


± 


0. 


.0038 


1.05 ± 0.37 


0.3199 


± 


0. 


.0066 


6.2 


1930, 


.01 


13.72686 ± 0.00014 


0.01341 


± 


0. 


.00020 


2.54 ± 0.13 


0.1173 


± 


0. 


.0029 


242 


1930, 


.02 


24.31058 ± 0.00036 


0.01298 


± 


0, 


.00026 


2.46 ± 0.13 


0.1717 


± 


0. 


.0042 


113 


1930, 


.03 


44.43150 ± 0.00076 


0.01492 


± 


0. 


.00027 


2.83 ± 0.14 


0.2566 


± 


0. 


.0063 


51 


1930, 


.04 


9.34131 ±0.00021 


0.00824 


± 


0, 


.00032 


1.560 ±0.096 


0.0907 


± 


0. 


.0022 


404 


1962, 


.01 


32.85833 ± 0.00033 


0.01593 


± 


0. 


.00058 


2.55 ±0.14 


0.2062 


± 


0. 


.0045 


55 


2133, 


.01 


6.246580 ±0.000082 


0.01798 


± 


0. 


.00026 


12.81 ±0.72 


0.0733 


± 


0. 


.0031 


3205 


2481, 


.01+ 


33.84760 ± 0.00091 


0.02750 


± 


0. 


.00072 


31.42 ±2.24 


0.240 


± 


0. 


.013 


733 


2545, 


.01 


6.98158 ±0.00019 


0.00568 


± 


0, 


.00025 


1.32 ±0.10 


0.0803 


± 


0. 


.0018 


896 


2640, 


.01 


33.1809 ± 0.0014 


0.02086 


± 


0. 


.00072 


17.02 ±0.81 


0.2191 


± 


0. 


.0063 


581 



Planet period and planet-star size ratio have been adopted from lBatalha et al.| I I2013I ). The incident flux F{F^) has been estimated using 
the planet-star separation given in Batalha et al. (2013) and assuming circular orbits {d/Rt = a/R*). Note that KOI-1 13.01, KOI -245.04, 
KOI-371.01 and KOI-1054.01 have been omitted either due to large uncertainties in the transit parameters given in iBatalha et all |2013|) 
or due to evidence that the transit events are false-positives. 
+ Asteroseismic false-positive. 

* Low-mass stellar companion detected by follow-up radial- velocity observations. 



